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The Power of Organized Knowledge 


|N NO PHASE of our civilization is the power of organized knowledge more apparent than in the scientific 
researches of our laboratories. Here, for example, in the development of heat insulating materials the 
microscopist is taking microphotographs of the ‘shells or skeletons of minute sea plants. that lived and died 
a million years ago. In itself this is interesting but consider for a moment the enormous amount of organ- 
ized knowledge crystallized in the instrument set-up. In the microscope there is involved not only the entire 
science of optics and an intimate knowledge of the structure of light, but also the art of precision instru- 
ment design, a knowledge of mechanics and metallurgy. The camera represents the field of photography 
and photographic chemistry and further the physics of light—quantum mechanics. In the Sperry arc used 
to illuminate the object we find the high development of the science of electricity—the practical application 
of the laws of electrical engineering. And in the tech nique itself is involved an intimate knowledge of the 
physics of heat and the structure of materials as well as certain elements of biology. !n short, all the vast 
resources of all these sciences are organized and concentrated here to one purpose. This is typical of al! 
modern research and is one reason for its amazing success, not only in the development of better heat insu- 
lation for our power plants as described on p. 570 but in all the various branches of our technical civili- 
zation. It is a far cry from the algae of the.oceans a million years ago to pipe covering for steam lines 
but science has a way of bringing them together. 
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WITH THE EDITORS 


Metallic Insulators, Electrical 
Parasites, Etc. 


ACCUSTOMED as we are to new developments we 
admit being somewhat startled recently when we heard 
a group of electrical engineers talking about metallic in- 
sulators. We have always had rather a wholesome re- 
spect for these electrical chaps because they certainly 
have done some remarkable things in recent years, but 
this business of metallic insulators we thought was ecar- 
rying things too far. Who ever heard of metallic insula- 
tors? Granted that some metals have high resistances, 
under no conceivable stretch of the imagination could 
we think of a metal as an insulator. Surely they were 
joking or else they had gone batty. 

Indeed, we were inclined to believe the latter for 
in addition to this stuff about metallic insulators they 
discussed a lot of other funny things—electrical para- 
sites, catalyst circuits, pendulum oscillators, trombone 
tuning circuits! Electrical parasites! What nonsense! 
Did they expect us to believe that electrical circuits 
were intested with some kind of bollweevil? These 
men needed their heads examined. 

Just about the time we were becoming nervous and 
looking around for the nearest exit, however, we found 
that we had wandered into a meeting of radio engi- 
neers and then, of course, we felt relieved. For these 


radio engineers we knew were capable of many tricks. - 


We cannot go into detail here but it concerns the 


ultra high frequency currents used in very short wave 


radio communication. At these frequencies which are 
of the order of five hundred million cycles per second, 
the inductance and capacity effects become of over- 
whelming importance compared with resistance. A cir- 
cuit responds so critically to certain frequencies that 
for all other frequencies the circuit acts virtually as an 
insulator. Thus we have the paradoxical condition of 
one metallie circuit being supported by another metal- 
lic circuit, the latter having all the properties of and 
serving as an insulator. Such metallic insulators they 
say are more efficient than ordinary insulators. 

Electrical parasites are unwanted high frequency 
currents which reside in portions of the main circuit 
due to complex resonant conditions. They appear in 
various parts of the circuit and their detection is quite 
a problem. They cause instability, undue heating, ex- 
cessive losses and rapid deterioration of apparatus, in- 
deed they have many of the characteristics of organic 
parasites and are aptly named. 

Catalyst circuits are simple loops or sheets of metal 
coupled to the active circuits inductively or capaci- 
tively and their purpose is manifold. Sometimes they 
control phase conditions. At other times they are used 
to control excessive radiation resistance. 

Pendulum oscillators—well, it is almost unbeliev- 
able but they actually make use of the space time con- 
ditions governing the movement of electrons in vac- 
uum tubes. Inconceivably short as is the time of travel 
of an electron moving at 10,000 miles per second across 
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a space of a sixteenth of an inch, it is too long to per- 
mit of certain electrical reactions which the radio en- 
gineers wish to take place. So they organize these 
space time conditions, and the time element then be- 
comes an advantage rather than a deterrent. 

In trombone circuits, the cireuits actually consist 
of single loops of conductor and sliding in and out 
like a trombone. So high are the frequencies that the 
circuits are tuned in exactly the same way that the 
column of air is ‘‘tuned’’ in a trombone. They repre- 
sent the electrical circuit reduced to its utmost sim- 
plicity. 

These matters we know are of little concern at 
present to the power engineer, yet they are interesting 
and we should know of them if not about them. Metal- 
lic insulators may never find use in a power plant, but 
if we know of such things at least we will not accuse 
electrical engineers of being crazy when we hear them 
discuss these things. 


Correctness of Design Proved by 
Operation 


MANY FEATURES in the design and equipment 
of the Hiram Walker & Sons power plant at Peoria, 
Ill., attracted the attention of engineers throughout 
the country when it was put into operation a year 
ago. There was nothing that would be considered 
experimental in the design of the plant but the equip- 
ment is all of the most modern and approved type, and 
the plant is one of the few completely new power 
plants built within several years to serve a strictly 
modern industrial institution. 

Designing and building a plant is only preliminary 
to the useful function for which it is built, and it is 
only after operating results have been secured that the 
correctness of design can be judged. In this again, the 
Hiram Walker plant stands out as-an example of the 
highest type of engineering. One year of operation has 
served to discover and correct those conditions of 
design that could be bettered to meet the existing 
operating requirements and it is the privilege of Power 
Plant Engineering to present in this issue the accom- 
plishments in this plant during the past year. 

To maintain an average of 85 per cent boiler 
efficiency as a continuous operating result is an accom- 
plishment worthy of note. To credit the automatic 
control equipment with increasing efficiency 6 per cent, 
as is done by the power engineer, Mr. Biggs, may seem 
extravagant to some who have not studied the economic 
value of automatic equipment as compared with 
manual; the records, however, leave little chance for 
doubt. Other contributing factors in maintaining high 
economy are, no doubt, the care with which the coal 
is prepared, the use of gas as a supplementary fuel, 
the control of the feedwater treatment within narrow 
limits, an agreement with the utility company to inter- 
change power as loads fluctuate, a complement of 
instruments and a well kept system of records together 
with the strict observance of operating codes. 
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Hiram Walker & Sons, Inc., Distillery at Peoria, IIl., 
Completes Year’s Operation with Marked Success 


By W. F. BIGGS 


Power Engineer, Hiram Walker & Sons, Inc. 


N THE FOURTH OF JULY, 1934, Hiram 

Walker & Sons, Inec., formally dedicated the 

new distillery at Peoria, Illinois, ‘‘The Larg- 

est Distillery in the World’’, setting new 

standards of quality, quantity and efficiency. 
No small factor in setting these standards is the modern 
power plant facilities supplying heat, power and light 
for the entire distillery. A detailed description of the 
power supply and distilling process appeared in the 
September and October, 1934, issues of Power Plant 
Engineering, pp. 398-406 and 454-457. After one year 
of successful operation, a resume of the power plant’s 
performance results is given in the following article. 
The reader is referred to the two previous articles for 
design and layout details of the plant. 


PULVERIZERS 


Since the two B & W Stirling boilers are pulverized 
coal fired, one of the most important factors in suc- 
cessful operation is the performance of the mills. One 
B & W Type B pulverizer had an expected capacity of 
20,700 lb. per hr., 70 per cent through 200 U. S. Stand- 
ard Sieve and 98 per cent through a 50 mesh sieve. 
This was based upon pulverizing bituminous coal 
crushed to pass through a 14 in. diameter ring and 
having a grindability index of at least 60 and with 
sufficient hot air available, for introduction into the 
pulverizer, to compensate for surface moisture in excess 
of two per cent. 
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In operation, this pulverizer has continued to 
deliver rated capacity with a coal of 8.98 per cent 
inherent moisture, 10.39 per cent surface moisture or 
a total of 19.37 per cent. On this coal, the fineness tests 
have been as high as 79.5 per cent through a 200 sieve 
and 99.7 per cent through a 50 sieve with primary air 
at 520 deg. F. This pulverizer requires 125 br. hp. at 
20,700 lb. per hr. and the load decreases with the pul- 
verizer output. The output of this pulverizer as well 
as that of the 3 t. B & W pulverizer and 10 t. Kennedy- 
Van-Saun is reduced by increased surface moisture. 

Considerable flexibility is obtainable from these three 
pulverizers. Under normal load conditions, each of the 
10 t. pulverizers will supply abundant fuel for one 
boiler. The B & W pulverizer will operate on the fluc- 
tuations in steam load while the Kennedy-Van-Saun 
usually carries a base load since the power consump- 
tion is nearly constant for all loads. The 3 t. B & W 
pulverizer is used for week-end loads on either boiler 
or works in conjunction with either of the 10 t. pul- 
verizers on heavy loads. 

Since the plant has been in operation, no dangerous 
situations have arisen from the operation of the pul- 
verizers such as flarebacks, fires and explosions because 
of the thorough training and instructions given the 
operators on the proper handling of this equipment 
before transferring into their charge. 

Ash disposal has been a minor problem. They are 
removed by means of conveyors directly beneath the 
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Fig. 1. The distillery from the river side. ‘The power plant stack is just visible at the right 


furnaces to the elevated shuttle conveyor which dis- 
charges to a truck. Washed No. 6 vein Illinois coal 
with an ash content of 6.9 per cent is generally used. 
The temperature of the furnace is between 2,750 to 
2,800 deg. F. which is above the fusion temperature 
of this coal. However, the rear and side walls are 
equipped with stud-tubes and the front wall with 
Bigelow-Liptak suspended wall so that the ash is kept 
at a temperature below its fusing point. This prevents 
slagging and the ashes may be removed as a wet sludge. 


AUTOMATIC COMBUSTION CONTROL 


The layout of the Bailey air operated combustion 
control is given diagrammatically in Fig. 2. The steam 
pressure is maintained at 235 lb. by changing the sup- 
ply of fuel and air simultaneously with slight pressure 
changes in the steam header. The fuel supply is con- 
trolled by regulation of a damper in the primary air 
supply duct. Air supply is varied by changes in speed 
of both the induced and forced draft fans and by 
positioning the induced draft damper. 

Correct fuel-air ratio is maintained by the steam 
flow-air flow relation of the Bailey Boiler Meter which 
makes the proper readjustment in the position of the 
induced draft damper. The maintenance of this ratio 
permits an average CO, of 14 per cent as shown by 
a Hays Meter on typical chart, Fig. 3. 

Furnace draft is maintained by an individual 
diaphram operated control drive which positions the 
damper in the force draft duct. A master selector valve 
and selector valves for the fuel, forced and induced 
draft fans, and induced draft damper provide flexible 
utilization of the entire plant or the individual factors 
may be controlled manually if desired. 

This automatic control has more than justified its 
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installation because of advantages provided over hand 
control. The boilers were hand controlled while 
installing and adjusting the automatic control. At that 
time, the average boiler efficiency was 79.0 per cent. 
Since operating with automatic control, the boiler 
efficiency has been 85.0 per cent which gives approxi- 
mately 6 per cent saving in fuel and inerease in 
capacity. The most important advantage is the im- 
proved general character of the service. The steam 
load is subject to violent fluctuations caused by various 
combinations of processing steam loads. The automatic 
control anticipates these fluctuations long before the 
fireman and immediately positions the different .con- 
trols to keep the steam pressure constant. The boiler 
meter charts and steam pressure chart 

are given in Fig. 3 to illustrate 

the steam flow fluctuations and , 

constant steam pressure 

maintained by the [ 
combustion control. 
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Fig. 2. Diagrammatic layout of boiler control system 


WATER SOFTENING EQUIPMENT 


From the standpoint of maintenance expense, water 
softening is of utmost importance. The Neckar System 
is used and is under the direct supervision of the power 
engineer and water chemist. This equipment was 
designed for a maximum of 150,000 lb. per hr. of 
makeup water to be delivered by the treatment system 
and to be distributed over three boilers. This is a 
maximum of 50,000 lb.-per hr. of makeup per boiler, 
the balance of the boiler-feed to consist of condensate. 
The temperature of the makeup water was to be 220 
deg. F. with the treater operated at a pressure of 15 
lb. gauge. Makeup water was to be supplied from 
wells but the system also was to be suitable for han- 
dling city water in emergencies. 

Since the installation of the softener, the capacity 
has been increased to 200,000 lb. per hr. by substi- 
tuting a larger orifice in the raw water feed line and 
increasing the steam line to the softener from an 8 
to a 12 in. line. This softener is now supplying treated 
water to two boilers. 


ANALYSIS OF WATER TO BE TREATED 








Well Water City Water 

BAO, . sxiinianse 28.9 p.p.m SO, 7.4 p.p.m. 
Pe cukvceeee jab «(C* R,0,* i 
en leg CaCO, 180.0 ‘‘ 
nes ek la CaSO, none ‘‘ 
| bi4 ** MgCO, 1240 ‘ 
2 es gaz.o Na,SO, 438.2 ‘ 
CL. s<vxeae LS (a NaCl 25°“ 
| ree O42.“ Na,CO, 23.2 *. 


*This term stands for F2,O3Al203. 
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The treated water is controlled within the softener 
by the addition of chemicals. Lime and soda ash are 
mixed in a chemical tank in the proper proportions 
for the treatment of one million pounds of raw water. 
This mixture is pumped to the softener proportionally 
to the flow of raw water to the softener. The method 
used in determining the proper amount of lime and 
soda ash is based upon daily routine water analysis. 
Proper salt concentration and ratio are based on the 
A.S.M.E. code and Fig. 4 shows a chemical determina- 
tion sheet. 


A unique feature of this softening system is the con- 
tinuous recirculation of a portion of the boiler water 
to a separator wherein a portion of the water is blown 
to the sewer through heat exchanger, and the balance 
returns to the softener with the flashed steam. This 
recirculation gives control over the boiler water by in- 
creasing or decreasing the salt concentration through 
blow-down to sewer and by varying the amount back 
to the softener gives control over the alkalinity in 
the boiler water. Every 3 hr. a test is made of the 
treated water and boiler water by one of the chemists, 
If the phenolphthalein methyl-orange and hardness tests 
deviate from desired values, then the recirculation from 
each boiler and blow-down to sewer is changed to cor- 
rect the difference. The data sheets used in conjunction 
with this recirculation control are given in Fig. 5. 

Results obtained from this system of treatment are 
as follows: 1, average hardness of treated water 
zero; 2, treated water temperature 255-256 deg. F.; 3, 
oxygen content of water zero; 4, dissolved solids in 
boiler water 3000-3500 p.p.m.; 5, boiler alkalinity 500- 
600 p.p.m. expressed as sodium carbonate; 6, boiler 


-water samples show only a small amount of suspended 
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matter; 7, ratio between sodium sulphate and methyl 
orange alkalinity expressed as sodium carbonate in 
boiler water not less than 3/1; 8, withdrawal of water 
from boilers 18-20 per cent of the raw make-up flow; 
9, blow-down to sewer 5-8 per cent of the raw make-up 
flow; 10, chemicals used have varied between 120-160 
lb. of soda ash and 260-300 Ib. of lime per million 
pounds of raw water. 

An important item in softening was the selection 
of raw water. Process water was discontinued when 
the Permutit system was installed. The variations in 
chemical analysis of the various well waters necessi- 
tated the selection of one well. Water from Well No. 
2 was selected since No. 1 well water required twice 
the chemicals and No. 3 required four times the chemi- 
cals. In addition, No. 2 contained less sulphate coneen- 
tration which permitted a lower blow down. The op- 
eration of this softening system has prevented all scale 
from depositing on heating surfaces of boilers, feed- 
lines and feed pumps. There has been no corrosion of 
boiler feed system and no signs of embrittlement. 


BoILers 


The two 1379 hp. Stirling boilers have operated for 
the year with no repair material maintenance, which 
is due to good operation, combustion control and prop- 
erly treated water. Each boiler is internally inspected 
after 5 hundred million pounds of steam generated: 
Each time the boilers have been in excellent condition. 

These two steam generating units have been flexi- 
ble in respect to load demands and have operated over 




















wide ranges. The minimum steam load the pulveriz- 
ers will maintain is 18,000 while the maximum is 200,- 
000 lb. per hr. per boiler. Loads under this minimum 
may be maintained by burning natural gas. The boiler 
efficiencies obtained on this installation have exceeded 
that expected. The design of the boilers and equipment 
was such to give an expected efficiency of 80.5 per cent. 
The boiler efficiency actually obtained has averaged 
85.0 per cent. 

Several changes have been made to the furnace since 
installation. The burners were changed so that each 
furnace now has three 12 in. burners instead of the 
two 12 in. and one 15 in. burner. The 3 t. B & W 
pulverizer now feeds to a 12 in. instead of a 15 in. 
burner. Secondary air vanes have been installed to give 
a better distribution of air to the burners. 


TuRBO-GENERATORS 


The two General Electric 1875 kv-a. turbo-genera- 
tors have operated continuously except at times of low 
steam demand since installation. These units are of 
the bleeder type which extracts steam at 80 lb. pres- 
sure and exhausts at 15 lb. pressure. A back pressure 
governor regulates these pressures and controls the 
electrical generation. Any difference in distillery elec- 
trical demand from that generated is corrected by sell- 
ing or purchasing electricity to or from the Central 
Illinois Light Co. on a power interchange agreement. 
This layout permits a perfect heat balance at all times. 

Complete daily records are kept in the form of in- 
strument charts, meter readings, and log sheets. For 
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Fig. 3. Typical COg boiler meter and steam pressure charts (June 18, 1935) 
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Fig. 4. Boiler water and treated water reports 


the boilers, the following instrument charts and meter 
readings are obtained each day: 1, steam-flow, air- 
flow, steam temperature; 2, water flow, level indicator, 
water temperature; 3, steam pressure; 4, CO,; 5, flue 
gas and air inlet and outlet temperature; 6, natural gas 
pressure; 7, gas meter. For the pulverizers: 1, tem- 
perature from pulverizers; 2, coal counters. For the 
turbo-generators: 1, oil temperatures; 2, Kw-hr. out- 
put recorder; 3, electrical meters. Auxiliary records 
are as follows: 1, steam pressures, 15 and 75 lb. steam; 
2, water pressures; 3, steam-flow tests; 4, electrical 
graphic test instruments. 

Besides these recording instruments and meters, 
there are numerous indicating instruments such as draft 
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Fig. 5. Boiler blow down and recirculation control sheet 
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gauges, boiler pressure gauges, ammeters, voltmeters, 
etc. The purpose of these records and instruments are: 
1, operation of combustion control; 2, operation of boil- 
ers manually ; 3, calculation of boiler performance and 
efficiencies per shift ; 4, control of treated water ; 5, con- 
trol of heat balance; 6, control of steam demand. 

These records are supplemented by a Fireman’s Re- 
port, Turbine Log, Boiler Blow-down Report, and Sum- 
mary Log Book. A monthly report is made to the office 
on heat, power and light cost distribution according 
to departments of the distillery. 


Coau 


Weekly composite samples of the coal are collected 
and analyzed by the Control Laboratory. Checks are 
also made on the pulverizers for fineness and moisture 
of the coal pulverized. 

Considerable experimental burning of various coals 
has been carried on to determine the coal best suited 
to the equipment. Eight Illinois coals were tested. One 
by one the different coals were eliminated on account 
of slag at high ratings, grindability, boiler efficiency 
and coal cost per thousand pounds of steam. The coal 
temporarily selected is No. 6 vein washed Illinois, which 
excelled each of the other coals in each respect. 


OPERATING CODES 


To promote operating efficiency, fix responsibility 
and prevent accidents, a complete set of Operating 
Codes have been compiled by the Power Engineer for 
the guidance of the employees with the exclusion of 
supervisors. (These codes will be published later in a 
separate article.) There are three men on duty at any 
one time directly responsible for the power facilities, 
namely, fireman, engineer and utility man. The duties 
of each are enumerated and specific instructions are 
given in these codes for the operation of each piece of 
equipment under various situations. The benefits of 
these codes have been self-evident in that there have 
been no emergencies which were not properly handled 
by the operators or have there been accidents or in- 
juries to the operators. 
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The Use of Instruments in a 
Modern Industrial Power Plant 


Considering a plant of medium size and common 
equipment, the author enumerates the instruments he 
considers essential for safe and economical operation 
and the reasons why these various types are chosen 


By GUSTAF A. GAFFERT 


Assistant Professor of Heat-Power Engi- 
neering, Worcester Polytechnic Institute 





ANY CONCERNS today are giving serious atten- 

tion to the possibility of decreasing the cost of 
their products either because of increased raw mate- 
rial costs or higher labor costs. One of the factors 
affecting the cost of a product which should receive 
more consideration is the cost of power. Many of these 
firms require sufficient process steam to demand a 
fairly high pressure boiler plant. In connection with 
the modernization of the engine room—replacing a 30 
or 40-yr. old engine with an extraction-non-condensing 
type of steam turbine—one question naturally rises 
in the minds of the management: how can we check 
at regular periods the savings which our engineers 
claim can be made by a change over? The answer lies 
in a logical selection of instruments of various types 
from which records and cost figures can readily be 
computed. 

In order to be specific, let us take a concrete exam- 
ple. An industrial concern is a manufacturer of 
leather, paper, or scoured wool; all of which require 
process steam in considerable quantities at two or 
more pressures. These are dictated by the pressures 
required by much of their expensive machinery already 


installed. Take, for example, a stoker fired plant 
operating at 250 lb. gage at the extraction-non-con- 
densing steam turbine throttle. Figure 1 shows dia- 
grammatically the machinery and piping in such a hypo- 
thetical modernized plant. Steam is extracted at two 
pressures for process and the exhaust is further used 
for process and factory heating according to seasonal 
requirements. Such a plant would necessarily be 
equipped with a superheater to supply dry steam to the 
turbine and to prevent the exhaust steam from be- 
coming unduly wet. In order to preheat the feedwater 
an open or deaerating heater has long been standard 
equipment, and is used in the plant. To provide ex- 
haust steam for feedwater heating one boiler feed 
pump is turbine driven and all of the stokers are tur- 
bine driven. Further, as few plants ean afford city 
water for makeup, this water is usually obtained from 
a nearby lake or river and must be treated. Service 
water pumps, an alum tank, and sand filters are, 
therefore, incorporated in the general scheme, and we 
now have the essential parts of a modern industrial 
power plant. 

In Fig. 1 the diagrammatic flow lines have been 
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Fig. 1. Typical instrumentation for industrial plant requiring two stage extraction steam 
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marked to indicate the instruments necessary for indi- 
cating, recording and integrating the pressures, tem- 
peratures, and other operating conditions. Consider, 
first, the boiler room. It is a well known fact that as 
the efficiency of the boiler room varies so the efficiency 
of the power plant varies. The most fundamental 
figure necessary for efficiency as well as accounting 
purposes is the evaporation or pounds of water evapo- 
rated per pound of fuel fired. This requires the meas- 
urement of the amount of coal burned during a given 
period and likewise the amount of water fed to the 
boiler. Accuracy is essential, and for this reason a 
Venturi water meter is suggested with recording and 
integrating features. The recorder element shows at 
a glance the rate of flow at any one time and serves 


as an indicator. The records can be brought to two> 


per cent plus or minus accuracy with a standard Ven- 
turi tube and considerably closer with a calibrated 
tube. 

For measuring coal, bunker storage is suggested, 
with a simple type of weigh larry of the scale and 
beam type. An operator can always take sufficient 
time to balance the beam, and ecards giving scale beam 
readings empty and full should be provided. Accuracy 
is limited only by the operator himself. It should be 
noted that the total coal is obtained by having only 
one weigh larry on wheels and setting it in front of 
each stoker hopper as coal is weighed into the hopper. 
Likewise, irrespective of the number of boilers, the 
Venturi gives the total amount of water fed to the 
boiler. 

INSTRUMENTS FOR SAFE OPERATION 

It is necessary in addition to provide sufficient in- 

struments for efficient and safe operation of each 
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Fig. 2. Arrangement of instruments on a boiler panel 
Fig. 3. Instrument panel for turbine operation 
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boiler. This will require careful consideration of the 
economic value of each instrumuent. Two instruments 
indicated for the boiler load shown in Fig. 2 are ab- 
solutely necessary because of safety of operation: 
namely, the steam pressure gage and feedwater pres- 
sure gage. These are made indicating because records 
are of no particular value, and are placed high enough 
to be on the operator’s eye level. A CO, indicator is 
suggested, for it is an excellent fireman’s guide. For 
any particularly boiler arrangement and type of fuel, 
there is an economical value of CO,, and this instru- 
ment adds greatly to the fireman’s incentive to attain 
good results by giving him something tangible to fire 
by. The draft gage is suggested for the same reason. 
The first element tells him at a glance whether the 
forced draft fan is operating satisfactorily by the air 
pressure produced. A second element indicates furnace 
conditions, i.e., whether a balanced draft of a few 
tenths of an inch of water vacuum exists. The third 
element indicates the intensity of the stack draft 
and reflects the friction loss through the draft system. 


Use or Recorpine INSTRUMENTS 


When single pen recording instruments are con- 
sidered it does not take many to equal the cost of a 
good multiple pen chart recorder. With the latter, 
sufficiently close time increment reading can be ob- 
tained for all practical purposes. A_ three-point 
recorder, using a different number or color for each 
record, is suggested. A feedwater temperature and 
steam temperature record is recommended, for these 
allow the computation of boiler efficiency over a cer- 
tain period, and the latter reflects the cleanliness of 
the outside surface of the superheater tube. Low 
superheat means poor economy of steam for the main 
turbine. It is also possible for the. tube wall tempera- 
ture to become so high when coated with soot that 
a dangerous tube temperature will be reached. The 
flue gas record gives a quick means of computing the 
greatest loss in burning fuel, the heat lost in the dry 
flue gas. If this temperature runs higher than it should 
for a certain boiler rating, the tubes should be cleaned, 
and it serves as an excellent warning record. 


Steam flow records are necessary to show the load 
on the boiler. They are also valuable in accounting, 
for the total water fed as measured by the Venturi 
should equal the sum of all the flow meter readings 
on the boilers. To complete the boiler board, two con- 
trol buttons are mounted centrally at convenient hand 
heights for the forced draft fan motor, and the motor 
driven boiler feed pump. As to the location of such 
a simple boiler board, the most suitable location seems 
to be facing the boiler aisle at one side of the stoker 
hopper and in front of the boiler. With the indicators 
and recorders suggested so far in the boiler room, it 
is possible to check the economy of evaporation of 
water in the boiler room and to operate the boilers 
with an efficiency limited only by the amount of heat 
reclaiming devices used, and the skill of the fireman. 

It is necessary to know the exact analysis of the 
coal used for fuel in order that boiler efficiency may 
be checked. Industrial power plants can seldom afford 
to purchase a complete coal analysis equipment since 
accurate balances, a bomb calorimeter, accurate ther- 
mometers, and various minor pieces of equipment are 
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involved. The management can and should arrange 
with some reputable laboratory to analyze a sample 
of the coal, say at one month or two weeks intervals. 
A proximate analysis consisting of per cent volatile, 
per cent moisture, per cent ash and per cent fixed 
carbon by difference with a heat value determination 
should be satisfactory for accounting purposes. 


TURBINE Room INstRUMENT ARRANGEMENT 


In the turbine room an arrangement of indicating 
and recording gages and meters as shown in Fig. 2 
is suggested. From an accounting point of view the 
steam flow meter is necessary to check the amount of 
steam chargeable to power production. Also a num- 
ber of operating gages are necessary for satisfactory 
operation. The pressures of extracted steam indicate 
that the extraction valves are working properly, and 
the pressure gage at the turbine throttle tells the tur- 
bine room engineer whether or not sufficient pressure 
is available for economical turbine operation. The oil 
pressure gage is largely for safety, and the indicating 
thermometers in the oil lines at each bearing are used 
for the same purpose. 

It is customary for a modern factory to allocate all 
costs including cost of process steam required. Steam 
flow meters with recording and integrating elements 
are therefore suggested for both the high and low 
pressure extraction lines. If either of these lines divide 
and run to different factory buildings or departments, 
the single flow meter should be replaced with two or 
more flow meters measuring the steam to each division. 
It is inadvisable to try to measure the exhaust steam, 
and it is therefore arrived at by difference. In other 
words, the sum of the extracted steam flows subtracted 
from the steam flow to the throttle of the main tur- 
bine will give the amount of exhaust steam. 

Few industrial plants can afford very expensive 
electrical load measuring instruments, but the follow- 
ing can readily be justified. An ammeter and volt- 
meter should be provided along with an indicating 
and integrating industrial type watthour meter. A 
field rheostat and direct current voltmeter are also 
necessary to enable the engineer to see that sufficient 
excitation for the field of the alternator is being pro- 
vided. The steam flow meter and watthour meter 
records provide sufficient data to check the water rate 
of the main turbine. 


WATER PRESSURES AND FLOW 


Raw water is assumed obtainable from a river or 
lake and is probably hard water. Indicating pressure 
gages should be provided on both the suction and dis- 
charge sides of the service water pumps to indicate 
operation and also that satisfacory head is being cre- 
ated. A shunt-type Venturi or cheap water flow meter 
of a plain recording type to measure the amount of 
cold water makeup being fed to the deaerating heater, 
is suggested. The open heater itself is usually set 
15 to 20 ft. above the main floor, and a thermometer 
showing feedwater temperature, and a pressure gage 
directly mounted on the heater is desirable for local 
observation. It is customary to provide all pumps with 
indicating pressure gages on both the suction and dis- 
charge sides, and this should be followed in the’ cases 
of the two boiler feed pumps. It is also desirable to 
equip the steam turbine on the high pressure side be- 
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fore the throttle with an indicating steam pressure 
gage, and since there is only one common exhaust line 
to the deaerating heater the turbine exhaust should 
also be equipped with an indicating pressure gage. 

In a small plant of this type all auxiliaries are 
usually concentrated in the boiler room as they are 
most readily operated therefrom. Few operators would 
be required: certainly not over one watch engineer 
per shift, two firemen, an instrument man who would 
also act as clerk, and an electrician. The latter need 
not be on duty all the time but might well be the plant 
electrician with his office in one corner of the turbine 
room. 

In summarizing the instrumentation suggested, 
it should be borne in mind that the instrument man is 
a very important person in such a plant. His duties 
involve the maintenance of accuracy of all instruments 
and the checking of allocation of steam and power 
costs to the various divisions or departments of the 
industry. It should be evident that intelligent selec- 
tion of the proper instruments and a suitable man to 
keep them in good working order will pay handsome 
returns on the money invested to any serious minded 
management. 


Welding Aluminum Alloys 


AN ENGINEER OF CovENTRY, Warwickshire, England, 
is reported to have perfected a process for the jointing 
of light aluminum alloys, such as RR 56, Duralumin, 
and the like. As is well known, efforts to weld these 
alloys in the ordinary way destroyed the effects of heat 
treatment. The new welding material, known as 
‘*Alusol’’, will join the aluminum in east, rolled, sheet 
or tube form and it fluxes freely at 200 deg. C. Test 
pieces of RR 56 and Hiduminum tubing socketed one 
into the other and joined with Alusol were pulled apart 
at 26 t. per sq. in., leaving the joint intact. It is also 
claimed that Alusol withstands corrosion well and is 
unaffected by aging. A local firm is carrying out 
experiments with a view of producing an all light alloy 
bicycle weighing, complete with forks, handle bars and 
seat pillar in position, just four..and three-quarters 
pounds. The new process likewise promises to be 
applicable in aircraft and automobile construction. 

The process is analogous to soldering except that no 
flux is required. The surfaces of the joint are first 
cleaned, oil being the chief thing to avoid; and the 
parts are placed in a heating device. After each part 
warms up, the end of a stick of joining material is 
rubbed on and when it becomes hot enough the stick 
crumbles, a steel scraper being used to rub the material 
over the surface. When both surfaces are properly 
coated with the joining material they are brought to- 
gether, heated again, and finally allowed to cool off. 
The process is applicable to joining aluminum tubing 
to steel, if the steel bracket is first tinned with soft 
solder; a joint of this character is said to withstand 
a pull of approximately 6 t. per sq. in. 


A SPECIAL NICKEL cast iron so hard that it will 
seratch glass is described in a patent recently issued 
to research engineers of the International Nickel Com- 
pany. The main applications for this iron, which is 
five times as hard as ordinary iron, are for machinery 
parts which are exposed to severe wear and abrasion. 
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The Super-Charged Velox Boiler 


Fuel and Air Supplied to This Boiler Under Pressure Gives 
Unusually High Gas Velocities with High Heat Transfer, 
High Steam Making Capacity and Extremely Sensitive Control 


By ADOLF MYER 


Chief Engineer, Brown, Boveri & Co., Ltd. 
Baden, Switzerland 


EVELOPMENT OF STEAM PRODUCERS during 
the last few years has been toward larger units, 
working at higher pressures and temperatures than 
past designs. Most firms have tried, successfully, to 
develop their own designs of this type of high-pressure 
boiler, but comparatively few of these are real depar- 
tures from the well-known types of low-pressure boilers. 
While those boilers incorporate new and interesting 
ideas in the production of steam and the regulation of 
combustion nothing has been done to improve mate- 
rially the combustion itself, or the rate of heat trans- 


Section A-B 


Fig 1. Diagrammatic arrangement of Velox steam generator and 
chart showing the temperature and pressure variations from the 
furnace to the stack. 1, burner. 2, furnace. 3, evaporator ele- 
ments with internal tubes. 4, separating chamber. 5, superheater. 


552 





mission. It is in relation to these last two points that 
the Velox boiler differs essentially from most boilers 
which have been in use up to now. Its name, ‘‘ Velox,”’ 
refers to the high velocity of the flue gases, which are 
used to obtain exceptionally high heat transmission. 
Advantages of operation have been obtained by the 
process of ‘‘supercharging,’’ which is common prac- 
tice in Diesel work. The advantages to be gained from 
supercharging are even greater when applied to a 
boiler, for, in addition to reduction in the size of the 
combustion chamber, the size of the heat transmitting 


6, combustion air blower. 7, economizer. 8, stack. 9, separator 
nozzle. 10, electric motor used in parallel with exhaust gas turbine. 
10a, 11, circulating pump. 12, feed‘pump. The chart shows pres- 
sures in Ib. per sq. in. and temperature in deg. F. 
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Fig. 2. Combustion control system. Section A, feedwater control from the water level; Section B, fuel control from the steam pres- 
sure; Section C, fuel-air ratio control from metered quantities applied to electric motor; Section D, fuel-air ratio control applied 
to throttle valve of a turbine drive. 


system is reduced twofold; both by higher pressure as 
well as by higher speed of the flue gases. 

Although Nicolson demonstrated in 1906 the influ- 
ence of the velocity of gases on heat transmission up 
to a velocity of about 300 ft. per sec., no industrial 
applications of such high velocities had been made 
until Brown Boveri took the matter up in 1928. Nicol- 
son’s tests not being known to the Brown Boveri en- 
gineers at the time, the whole range of heat transmis- 
sion was established once more up to Nicolson’s limit 
and continued up to the velocity of sound. 

In determining the practical range of velocities to 
be employed in the Velox boiler, it was soon found 
that to compensate for the higher expenditure on pres- 
sure-tight combustion chambers, and the pressure- 
producing machinery, a radical departure from ac- 
cepted practice was necessary and velocities ranging 
from 900 ft. per sec. to 450 ft. per sec. have been 
adopted for the evaporator tubes; lower, but still un- 
usually high velocities, being used in feedheater and 
superheater. All these parts therefore have to be 
built ‘‘streamlined’’ so as to reduce pressure losses as 
much as possible. 


VeLox SteAM GENERATOR 


Figure 1 represents a steam generator of the Velox 
type with curves to show the temperatures and pres- 
sures prevailing in the different parts. Combustion of 
the fuel takes place in the combustion chamber 2 where 
air and fuel enter through the burner 1, the air under 
a pressure of about 35 lb. per sq. in. abs., the fuel 
under about 300 lb. ga. The gases give up part of 
their heat content by radiation through the external 
walls of the evaporator tubes 3, which line the wall 
of the combustion chamber. More heat is transmitted 
by convection, while the gases pass upward, through 
the internal tubes 3a of the evaporators to the exhaust 
flue gas collecting chamber. 

Thus the initial temperature of combustion is re- 
duced to about 1500 deg. F., while the pressure drops 
to about 33 lb. abs. With this temperature and under 
this pressure the gases enter the superheater 5, to leave 
it cooled down to about 900 deg. F. (480 deg. C.) at a 
pressure of about 31 lb. The gas turbine 6, which is 
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then entered, reduces the flue gas temperature to about 
700 deg. F. (370 deg. C). and the pressure to about 
16.5 lb. abs. The corresponding heat drop is, apart 
from small radiation and bearing losses, entirely con- 
verted into mechanical energy and transmitted to the 
blower where it is reconverted into heat with a corre- 
sponding rise in the air temperature. Finally, the 
gases escape through the economizer heater 7 which 
forms part of the chimney. From thence they continue, 
through the chimney 8 to the atmosphere at about 200 
deg. F. (94 deg. C.). 

The water and steam circuit is as follows: The 
make-up water is fed by the feed pump 12 through 
the economizer 7 to the bottom of separator 4, where 
it mixes with the evaporating water. This water is 
kept in continuous circulation by the circulating pump 
11, which pumps it through the combustion chamber 2 
and evaporating tubes 3 back to the separator 4, at the 
rate of about ten times the full load evaporation. 


Water enters the separator through the nozzle 9 
tangentially to its wall. This nozzle has the smallest 
sectional area of any tube in the circuit so that a 
sufficiently high pressure builds up in the tube before 
the water reaches the nozzle. This pressure is con- 
verted into velocity, and the resultant mixture of water 
and steam spins round on the inside of the cylinder. 
The water then falls through a small gap in the lower 
partition of the separator, while the steam passes out 
to the superheater 5, to be superheated for use in a 
steam turbine. 


For the supercharging set the overall efficiency is 
of great importance. For the first boiler an impulse 
turbine-driven centrifugal blower was used, similar to 
those used for supercharging Diesel engines. These 
boilers are now fitted with reaction turbines having 
three to four stages and axial blowers which have been 
specially developed for this purpose; the overall effi- 
ciency being of the order of 83 (turbine) x 73 (blower) 
== 60 per cent. 

The automatic governing or boiler control system 
is shown in Fig. 2. In principle the system is similar 
to that employed by Messrs. Brown Boveri on their 
turbines. The different devices for maintaining the 
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feedwater level and controlling the amount of oil and 
air, are shown respectively by A, B and C of Fig. 2. An 
oil pump, connected to the motor driving the circulating 
pump already mentioned, supplies oil through the pipe 
13 to the different elements. A plug 12 reduces the 
pressure and this pressure under the operating pistons 
depends upon the position of a leak-off valve 14. In 
Section A the position of this valve is governed by a 
water column acting against a spring, thus the water 
level in the separating chamber is kept constant by 
varying the pressure beneath the piston 15 to control 
the feed valve 12. 

In Section B, regulating the flow of fuel oil, the 
leak-off valve 14 is controlled by the pressure of the 
steam in such a way that a falling steam pressure 
shuts valve 14 so as to raise the oil pressure under 
piston 16, thus opening the fuel valve 4. In Section 
C the system tends to maintain a constant ratio be- 
tween the fuel and air; both the fuel valve and the 
air valve work on the same leak-off valve 14 and main- 
tain their relative positions as long as the ratio of the 
two is constant. Any deviation from this ratio dis- 
places valve 14 with a corresponding change in the 
oil pressure beneath the piston 17, adjusting the power 
of the auxiliary drive which may be an electric motor 
or a turbine. 

If, for instance, more fuel oil is introduced by the 
system B, owing to a fall in steam pressure, the aux- 
iliary motor (10 of Fig. 1) accelerates the supercharg- 
ing set so as to deliver more air. This is only necessary 
until stable conditions are again established by the 
increased pressure and temperature at the gas turbine, 
with a gorresponding increase of power from that unit. 
The small sketch at the lower left of Fig. 2C shows the 
application to the throttle valve of a steam turbine. 

Owing to the small amount of material taking part 
in heat transmission, and to the small water storage 
capacity purposely kept down to a minimum, the boiler 
can be set to work in an unusually short space of 
time, less than 5 min. The same applies to load varia- 
tions, which are so rapidly dealt with by the automatic 
governing system, variations from half to full load 
and vice versa take only about 20 sec. Efficiencies are 
high, 90 per cent and over throughout a wide load 
range. The whole unit can easily be erected and tested 
at the manufacturer’s works. 


InsTEAD of the rock-hard floor surface formerly 
deemed inevitable with fireproof construction a resili- 
ent, hard-surface floor is now attainable without re- 
course to organic materials or sorel cements, according 
to claims made for a patented process worked out in 
the Heliopore laboratories. The theory of construction 
involves the use of steel joists, light enough to spring 
under load like wooden joists, instead of the ordinary 
rigid support demanded for standard concrete slab con- 
struction. A half inch, or more, of fibrous material such 
as Celotex, waterproofed by asphalt above and below, 
is interposed between the concrete base slab and the 
surface concrete which is divided up into articulated 
sections and anchored to the base by means of special 
anchor angles (made of brass, copper, or zinc). The 
resulting floors are resilient, insulated, and erackproof 
and may be given any standard concrete finish such as 
terrazzo, granitine, or tile effects—U. S. Bureau of 
Mines. 
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For Safer 
Piping Layouts 


By H. S. KNOWLTON 


ROBABLY no harder task confronts the power 

plant designing engineer than the simplification of 
piping layouts. In new installations built on the unit 
plan it is natural to rely largely upon symmetrical ar- 
rangements of piping in seeking to achieve operating 
convenience and safety of service. This is good prac- 
tice, but it is extremely difficult to carry it into effect 
in improving many old stations on account of the limi- 
tations of space prevailing. The growth of auxiliaries 
in the past two decades of power plant development 
has been amazing, and complications in piping layouts 
have been a logical result. If one cannot obtain the 
benefits of symmetrical disposal of piping in modern- 
izing an existing installation, it is at least feasible, 
given patient study of conditions, to improve most 
situations by pursuing three objectives: (1) suitable 
material for piping and valve service; (2) unmistak- 
able means of identification of the use of every pipe 
and valve in the establishment; and (3) arrangement 
of such equipment for maximum accessibility and con- 
venience. 

Advances in metallurgy to meet the severe require- 
ments of high pressure and high temperature piping 
and valve service have placed at the engineer’s dis- 
posal, facilities which will enable a large percentage 
of his material problems to be well solved. This phase 
of safe service from piping is well in hand today, 
thanks to the codperation which prevails between plant 
owners, manufacturers, testing laboratories and metal- 
lurgical experts. Long strides have also been taken 
toward insuring far better identification of piping, 
but much remains to be done here, as well as in the 
important field of improving accessibility of all parts 
of such systems. One vitally important aspect of pip- 
ing and valve operation is the insurance of closer con- 
trol of operations involving the discharge of dangerous 
wastes into areas outside the plant premises which 
may be accessible to the public. In one such case two 
lives were lost from the leakage or discharge of hydro- 
gen sulphide from an outdoor tank where the public 
frequented a dump looking for brass and other metals. 
The tank valve had been knocked off and fatal results 
followed. The plant owners had been given permission 
to discharge this substance into the tank by the owner 
of the ravine in which it was situated; but the tank, 
piping and valve were not properly protected from 
tampering, and the verdict was most damaging. For- 
tunately the modernization of piping layouts in the 
interest of greater safety is something which can be 
carried out either on a piecemeal or a comprehensively 
planned basis in a great many installations, and the 
task is recommended as a fertile subject for engi- 
neering brains to occupy themselves with during off- 
peak hours. 
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THE 165,000 KW. TANDEM ‘TURBINE 


at 
RICHMOND 
STATION 


By 
ROBERT L. REYNOLDS 


Westinghouse Electric & Mfg. Co. 
Philadelphia, Pa. 
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URING the first week in August of this year the 

165,000-kw. turbine-generator unit, installed at 
the Richmond Station of the Philadelphia Electric Co., 
was placed in service. A recent article* described the 
general arrangement of the station and touched briefly 
on the design of the new equipment recently installed. 
The following discussion will cover in greater detail 
the design features of the turbine. 

Three main factors were considered in the design of 
this turbine: 

(a) Reduction in overall dimensions, particularly 
length, in order to fit this unit into the space orig- 
inally reserved for a 50,000-kw. unit. 

_ (b) High efficiency, as the addition of a unit of this 
size must be justified in part by the reduction in fuel 
consumption to be obtained. 

(ec) Utmost reliability, as in order to realize to the 
fullest extent the benefits to be obtained from its opera- 
tion, this unit must be kept in service practically all 
of the time. 

Fortunately, conditions were such as to allow suffi- 
cient time to make an exhaustive study of the com- 
ponent parts of the turbine, with the result that sev- 
eral new features of design were developed and used. 
This research work included flow experiments which 
led to the proper shapes of blades, valves and cylinder 
exhaust passages. 





TURBINE OPERATING CONDITIONS 


The turbine is designed for normal operating con- 
ditions of 375 lb. per sq. in. gage pressure and 825 
deg. F. temperature at the throttle, 1 in. Hg absolute 
exhaust pressure, and with four stages of extraction 
for feedwater heating. The turbine drives a 183,- 
333-kv-a., 90 per cent power factor, 60 cycle, 13,800 v., 
1800 r.p.m. generator with direct-connected main and 
pilot exciters.t 

At the head of this article is shown an installation 





*“New 165,000 kw. Addition at Richmond Station,” by N. J. 
Walker, W. B. Morton and H. Groothuis, in Power Plant Engineer- 
ing, Aug., 1935. 

+The 183,333 kv-a.-Generator at Richmond Station. By C: M. 
Laffoon, Power Plant Engineering, September, 1935, p. 508. 
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view of this unit. It will be seen that the turbine is 
of the tandem type, steam entering the high pressure 
turbine through two throttle valves and two governing 
valves located on the floor and five governing valves 
built into the cylinder cover. Steam exhausts from 
the high pressure turbine through two overhead re- 
ceiver pipes to the low pressure turbine. 

Figure 2 shows a longitudinal cross-section through 
the turbine. This section shows that the high pres- 
sure element is of the single flow type and the low 
pressure of the double flow type. Steam enters the 
blade path at four points, the steam from the primary 
valve carrying loads up to 75,000 kw. and entering the 
first inlet; and that from the other three groups of 
valves carrying loads of 105,000 kw., 130,000 kw. and 
165,000 kw. and entering the second, third and fourth 
inlets, respectively. The two primary valves are lo- 
eated on the floor, one on each side of the turbine, 
while the one secondary, two tertiary and two qua- 
ternary valves are located in the cylinder cover. 


SupPPorRT PERMITS FREE EXPANSION 


The turbine is supported and anchored in such a 
way as to permit free expansion but, at the same time, 
to maintain correct alinement between the rotating 
and stationary elements. The low pressure turbine is 
supported on a foot extending entirely around the ex- 
haust and is keyed to the foundation seating plates 
by transverse and longitudinal keys. The low pres- 
sure cylinder is made in six pieces, three in the cover 
and three in the base. An internal blade ring is sup- 
ported on ledges in the center section of the cylinder 
base near the horizontal center line. This blade ring 
is keyed with transverse keys to the cylinder at its 
support and has dowel pins at the top and bottom to 
prevent axial and transverse movement. Thé cylinder 
and blade ring are made of cast iron. 

The high pressure cylinder is made in four pieces, 
two in the cover and two in the base. These castings 
are made of carbon steel. The cylinder base has two 
lugs, or arms, which rest on, and one keyed to, the low 
pressure cylinder base. There are two similar lugs 
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DETAILS OF THE 165,000-KW. 
RICHMOND TURBINE 


Fig. 1. Low Pressure Rotor in the cylinder 
base 

Fig. 2. 

Fig. 3. 


Section through turbine 


High Pressure Rotor in cylinder 
base 


Fig. 4. Stationary blading in low pressure 


turbine 


Fig. 5. Low Pressure Rotor 
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on the cylinder base at the high pressure end which 
rest on and are keyed to the thrust bearing pedestal. 
Top and bottom vertical keys are located on each end 
to prevent transverse movement. 

Steam exhausts from the high pressure element 
through two openings in the cover and then through 
the two receiver pipes into the center of the low pres- 
sure, where it divides, one-half going to each end of 
the double flow turbine. The receiver pipes connect 
to the internal blade ring, the bleeder space around 
the blade ring being closed to the atmosphere by a 
copper expansion joint, which permits differential 
movement between the cylinder and blade ring. 
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The high pressure rotor is made in two pieces. The 
high steam temperature necessitated the use of a mate- 
rial with a relatively low creep rate and a design in- 
volving low stresses. This led to the use of chrome- 
nickel molybdenum steel for the high pressure end. 
The stub shaft at the low pressure end is of low carbon 
steel. The two halves are shrunk and bolted together 
at the low temperature end. Figure 3 shows a shop 
view of the high pressure rotor assembled in its cylin- 
der base. 

The low pressure rotor consists of a central shaft 
on which are shrunk ten dises, five on each end of the 
double flow element. The central shaft is of carbon 


POWER PLANT ENGINEERING 





steel and the dises of chrome-nickel-molybdenum steel. 
A sliding coupling between the high and low pressure 
rotors permits axial movement of the high pressure 
rotor independently of the low, separate thrust bear- 
ings on the two rotors holding them in their proper 
axial locations. The low pressure and generator shafts 
are. connected by a solid coupling. 

The first dise on each end of the low pressure rotor 
contains three rows of blades, the next two rows and 
the last three a single row each. The dises are shrunk 
on and keyed to the central shaft. Figure 1 shows 
a shop view of the low pressure rotor assembled in its 
cylinder base. 


AXIAL CLEARANCE ADJUSTABLE 


The thrust bearings are of the Kingsbury leveling 
block type. Means have been provided on the thrust 
bearing on the high pressure turbine to move the 
thrust bearing in an axial direction, which, in turn 
moves the high pressure rotor axially and adjusts the 
clearances on the axial sealing strips in the blading 
and dummies. In this way the turbine can be started 
and stopped with large axial clearances and, after 
thorough heating, the clearance can be reduced to a 
point conducive to high efficiency without loss of re- 
liability. 

All of the blading, both stationary and rotating, is 
made of low carbon chromium steel. The blades for 
the last three rotating rows in the high pressure ele- 
ment and for the last four rotating rows on each end 
of the low pressure element are forged with integral 
roots. The last three rows of stationary blading on 


each end of the low pressure element are cast blades. 
A shop view of groups of blades from the last three 


rows in the low pressure element are shown in Fig. 4. 
All other rows in the cylinder and rotor have milled 
blades. 

Blades in the first four groups of the high pressure 
element are shrouded and have radial and axial seal- 
ing strips. The fifth group of the high pressure ele- 
ment and all rows of the low pressure element have 
the radial clearance type of blades, with the tips 
thinned, or profiled, to obtain a more rapid dissipation 
of heat in case of rubs. 

Blades are lashed together by stainless steel lash- 
ing wires, silver soldered to the blades, forming sec- 
tions of from six to eight blades. For the longer blades 
in the low pressure end of the high and iow pressure 
elements, the lashing wires are made streamlined in 
shape to reduce the amount of disturbance to the 
steam flow through the blades. These streamlined lash- 
ing wires are arc-welded to the blades. 

The last three rows on each end of the low pressure 
element have ‘‘side-entry’’ roots in which the blades 
are inserted from the sides of the dise. These blade 
roots are serrated. 

Tip speed of the last rotating blade row is 1210 
ft. per sec., which dictates the use of erosion-protec- 
tion shields. These shields are made of stellite, an ex- 
tremely hard material containing cobalt and chromium, 
with a Brinell hardness in excess of 500, and resistant 
to the effect of erosion caused by water drops strik- 
ing the inlet edge of the blade. These shields are ap- 
plied in the form of strips silver-soldered to the blades, 
and can be removed and replaced after erosion has 
taken place, in this way protecting the blade proper. 
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In addition to the protective strips, the erosion of 
the low pressure blading is reduced by the use of mois- 
ture catchers in the low pressure element to entrain 
some of the moisture contained in the steam flowing 
through the blading, thus reducing the erosion of the 
blades and increasing the efficiency of this section of 
the turbine. 

The water catchers before the last two stages of the 
turbine are built into the stationary blades, as may 
be seen on the longitudinal section. The openings into 
the drain chambers are rounded off to improve the 
drainage of water from the steam flowing through 
the blades. In order to improve the drainage from 
the higher pressure of these two water catchers, some 
steam is extracted at this point and led to the lowest 
pressure feedwater heater. The lowest pressure water 
catcher is drained to the condenser through holes in 
the bottom. 

The extraction slot preceding the third from the 
last stage is rounded off so that the centrifugal action 
of the preceding rotating row, in addition to the ejec- 
tor action of the extracted steam, causes some of this 
moisture to be entrained with the steam bled to the 
No..2 feedwater heater. 


Fire Hazarps REDUCED 


Lubricating and governing systems were ‘designed 
to reduce the hazard from oil fires. In order to reduce 
this hazard to a minimum, the lubricating and govern- 
ing systems are separated, oil being used as the lubri- 
eating fluid and a non-inflammable liquid, in this case 
Aroclor, for the governing and operating systems. In 
this way, the operating fluid in the operating mechan- 
isms above the throttle and governing valves does not 
involve any fire risk. . 

Steam and motor-driven oil pumps, oil and operat- 
ing fluid reservoirs and oil coolers are housed in a ‘fire 
proof room about 30 ft. distant from the turbine. The 
steam turbine driving the auxiliary oil pump is 
mounted on the turbine room floor, driving the sub- 
merged oil pump through a long extension shaft. The 
motors driving the auxiliary operating fluid and oil 
pumps are of the totally-enclosed, explosion-proof 
type, especially designed for use in hazardous loca- 
tions. 

Seamless steel piping is used for all oil and operat- 
ing fluid piping. Flanges are avoided except where 


necessary to facilitate dismantling, the piping being 


joined together by butt welds. When used, the 
flanges are of the welding-neck type welded to the 
pipe. All nuts or tap bolts are locked with two-bolt 
plate type washers turned up at the ends. 


GOVERNING SYSTEM 


The governor is of the pressure transformer type. 
The reverse-flow governing impeller is mounted on the 
main turbine shaft and the small changes in the im- 
peller discharge pressure produced by the changes in 
speed are magnified in the pressure transformer. The 
oil pressure from the shaft oil pump, acting upon a 
piston in the pressure transformer, in addition to some 
spring load, balances the operating fluid pressure act- 
ing against a smaller piston. In order to maintain 
this balance, a change in the impeller discharge pres- 
sure requires a change in operating fluid pressure 

(Continued on page 580) 
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Governor Regulation of 
Steam ‘Turbines 


FFECTIVE RANGE of a turbine governor may 

be considered as that portion of the characteris- 
tic lying between the intercepts of the normal speed 
line with the no-load and full-load lines, as shown by 
the characteristic curves. These portions of the char- 
acteristic curves should be alike for all governors 
when changes in load are to be distributed among the 
machines in proportion to their capacities. Likewise, 
the movement of the auxiliary spring screw required 
to change turbine load from no-load to full-load at 
normal speed should be the same for all governors. 
If, however, it is desired to limit swings upon a par- 
ticular machine, then the regulation for that machine 
should be made wider. Conversely, in order to make 
a machine take more than its share of swings, its 
regulation should be narrower. 

In some systems the turbines with the lowest heat 
rates are operated at fixed loads. It would seem de- 
sirable to broaden the regulation of these machines 
so that they would hold a constant economical load 
and to throw load swings upon other less economical 
machines. Of course, the shapes of the input-output 
eurves would have considerable influence upon this 
point. 
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Part II. Application of Characteristic Curves 
to Several Governors to Correct Operating 
Difficulties 
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Assistant Mechanical Engineer, 
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In most systems regulation set to about 4 per cent 
of normal speed at the 14-load point will be satisfac- 
tory. With closer regulation there may be a tendency 
for the machines to be somewhat unsteady in opera- 
tion, while with wider regulation there may be objec- 
tionable drifts in speed and voltage. 


CHANGES 


Regulation of the governors can be changed readily 
to any desired value within the range of the mech- 
anism. Changes in regulation must be effected by 
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Fig. 5. Governor characteristics before changes to governors 
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Fig. 6. Governor characteristics .after changes to governors 
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changing the strength of the main governor spring. 
This is done by altering the number of effective turns 
of the main spring by screwing the adjustment plug 
in or out as desired. Shortening the spring by screw- 
ing in the adjustment plug stiffens the spring and 
widens the regulation (makes the governor more slug- 
gish). Lengthening the spring, or adding more active 
coils by screwing out the adjustment plug, makes the 
spring more flexible and therefore narrows the regu- 
lation (makes the governor more active). 

The adjustment nut at the top of the adjustment 
plug in the General Electric governor is used to add 


n 
a 


LOAD — 1000 kw. 
n 
n 


ELAPSED TIME -MINUTES 


to or subtract from the initial tension of the main 
spring. The initial tension is changed mainly to dis- 
place the entire regulation curve in order to obtain 
proper speed allowances at both ends of the auxiliary 
spring stroke. The governor and valve gear should, 
of course, be in first-class condition before attempting 
any adjustments. Wear on the knife edges of the 
pivots at the governor weights has the effect of de- 
creasing the initial tension of the governor spring, with 
the result that the effective range is moved up on the 
regulation curve. The net result is that the actual 
regulation of the machine becomes wider. Excessive 
wear of the knife edges, or use of misfitting parts, is 
a common cause for poor regulation. 

In the Westinghouse governor, the adjustment nut 
simply adds to or subtracts from the initial compres- 
sion of the main spring. It has the same effect as 
changing tension on the auxiliary spring. Adjust- 
ments are made to it mainly to get proper speed allow- 
ances at both ends of the auxiliary spring stroke. The 
adjustment is made so that with no tension on the 
auxiliary spring the turbine will run at 5 per cent 
below normal speed at no-load. The governor and 
valve gear should be in first-class condition before at- 
tempting any adjustments. Wear on the knife edges 
of the pivots at the governor weights has the result 
that the effective range is moved up on the regulation 
curve. The result is that the regulation is wider. 
Likewise, wear of the oscillating gear cam or follower 
has the same effect of making the regulation wider. 
Excessive wear or use of misfitting parts at these loca- 
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Figs. 7 and 8. 

ing load variations (left) before 

governor changes and (right) 

load variations after governor 
changes 


tions commonly results in poor regulation of turbines. 

There should be no difficulty in arriving at any 
desired regulation if the points described above are 
kept in mind and if complete characteristics are ob- 
tained after each adjustment is made to the governor. 
After a few trials it is possible to derive a calibration 
showing the effect upon regulation of certain changes 
to main spring and adjusting nut. For instance, it may 
be found that a 2-inch movement of the adjusting plug 
(measurement taken on the outside circumference of 
the spring) plus one complete turn of the adjusting nut 
in the same direction, will change the regulation 1 per 


Curves show- , 


ELAPSED TIME— MINUTES 


cent and hold speed constant. This calibration can then 
be used to determine adjustments necessary to produce 
the desired regulation. Calibrations of this type are 
only approximate and vary with the different governors. 


APPLICATION OF DATA 


Often the governor regulation test will uncover a 
number of undesirable conditions. The writer recently 
obtained the characteristics of three identical turbine 
units which operate in parallel. These machines are 
subject to annual inspection under the supervision of 
the turbine manufacturer’s distriet representatives 
and apparently the governors were all in good oper- 
ating condition. The characteristics as obtained are 
shown on Fig. 5. Tests were also made to determine 
the distribution of load changes between these ma- 
chines when they were operating in parallel. This 
data is shown on Fig. 6. The governor characteristics 
were checked by the results of the division-of-load 
tests. For instance, unit No. 7 is seen to have an 
extremely close regulation and it carries most of the 
swings in load. On the other hand, unit No. 8 has a 
very wide regulation and carries a very steady load. 

The investigation was undertaken_primarily because 
of a number of unexplained momentary disturbances 
in the system. The governor test data and other data 
on the machines, when studied together, showed that 
the trouble was caused by temporary under-excitation 
of the generator of unit No. 7, caused by the abrupt 
increases in load on that unit. 

Other undesirable characteristics, in addition to 
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poor system voltage and frequency, were revealed by 
the study. For instance, it had been known for some 
time that maximum continuous load could not be car- 
ried on units Nos. 8 and 12 except at lower than nor- 
mal speed. If reference is made to Fig. 5, the reason 
for this condition will be quite evident. The full load 
line instead of intercepting the normal speed line some 
distance above the lower limit, as indicated on the 
typical curves, actually on units Nos. 8 and 12 inter- 
cepts it at the lower limit. Consequently the turbine 
load is reduced whenever the speed goes above normal. 
As the speed is constantly fluctuating above and below 
normal, the result is that the net output of the machine 
is considerably lower than its maximum capacity. It 
is to eliminate this possibility that the governors are 
always set so that the full load line crosses the lower 
limit at a speed above normal. 

Another undesirable condition is illustrated by the 
regulation curve for unit No. 8. In this case the no- 
load line crosses the normal speed line very close to 
the upper limit instead of some distance below it. The 
result here was that the machine could not operate in 
parallel with other units on the line at no-load under 
the control of the governor. The importance of this 
point can best be understood by reviewing the usual 
practice of phasing in a machine. 

Normal procedure is to set the auxiliary spring at 
the upper limit. The speed of the machine is grad- 
ually increased by opening the hand throttle until the 
governor assumes control at some speed below that 
corresponding to the system frequency. The hand 
throttle is then opened several additional turns and 
the turbine speed increased by adjustment to the aux- 
iliary spring until the turbine speed coincides with 
system speed. The machine is then phased in and the 
hand throttle opened all the way. 

In order to properly carry out this procedure, the 
governor must be so adjusted as to allow sufficient 
speed range between the no-load line and the normal 
speed line. This was not the case on unit No. 8 and 
occasionally the machine could be phased in only by 
adjusting speed with the hand throttle. Both of the 
conditions described above were easily rectified by 
adjusting the governors to give proper speed allow- 
ance at both ends of the auxiliary spring travel. 

Still another undesirable characteristic was noted 
in the fact that unit No. 7 responded quickly to a 
slight adjustment to the auxiliary spring, while No. 8 
was very sluggish. This condition is explained by the 
unequal distances necessary for the auxiliary spring 
adjusting screw to travel in order to produce a given 
change in turbine load. These distances are marked 
D on the figures. 

These governors were then adjusted by the meth- 
ods described previously to give similar and correct 
characteristics. The final characteristics are shown on 
Fig. 6 and the present distribution of load between 
the machines is shown on Fig. 8. The regulation of 
these particular machines was broadened somewhat in 
order to make other machines on the system take a 
greater portion of load swings, thereby reducing the 
hazard of underexcitation. Since these adjustments 
were completed there have been no recurrences of the 
electric disturbances and the other conditions de- 
scribed have been eliminated. 


560 


Muffler Silences 
Lightning Surge 


N INGENIOUS MUFFLER designed by Westing- 
house engineers under the direction of P. L. 
Bellaschi silences the thunderous noise produced by 
the 100,000 amp. lightning-stroke current generator at 
Westinghouse’s Sharon, Pa., testing laboratories. More 
than 400 operating engineers have witnessed repeated 
testing of surge-protected distribution transformers, 
with these lightning-stroke currents. 
As shown in the illustration, the muffler suppresses 
the noise making it possible for the observers to stand 


right beside, with the lightning-current generator oper- 
ating, with comfort and without having to hold their 
ears. The sparking of the tripping-control sphere gap 
behind observers, is the visual indication that the light- 
ning-stroke current generator has been tripped. The 
muffler consists of a steel chamber lined with 14 in. thick 
lead sheet. A venting system removes gases and ionized 
air from the muffler, the test chamber and the triple 
gap housing, keeping a fresh supply of normal air 
even during continuous operation of the generator. 


WHEN THE BritisH say that a wallpaper is ‘‘hot,”’ 
or ‘‘not so hot,’’ they may really mean it. 

Applying the scientific principle that body tempera- 
ture depends largely on heat radiation to the walls and 
ceiling as well as to metal objects in a room rather 
than on the temperature of the air in the room, an 
English manufacturer is producing a ‘‘heating wall- 


paper.’’ In reality a resistance metal of very fine 
copper-nickel wire, it is put into the walls of a room 
and is connected to the house current. Thermostat- 
ically controlled, it can be heated to any desired tem- 
perature up to 85 deg. F. 


POWER PLANT ENGINEERING 





STORAGE 


BATTERY 


CHARGING’ 


ITH THE VARIOUS PHENOMENA, described 
in the previous article, thoroughly in mind the 
groundwork has been laid for discussing the question 
of how to charge a discharged storage battery. This 
question may be divided into two- principal parts: 
(1) what charging rates to use; and (2) how to de- 
termine when to stop the charge. As. to charging 
rates, the general rule is, that any rate may be used 
that does not cause violent gassing or excessive tem- 
perature. Just what rates may be used without ex- 
ceeding these limits must be determined by experience. 
In the early stages of the charge comparatively high 
charging rates may be employed but as the charge 
progresses a point is reached when the rate should 
be reduced. As a result of numerous tests, it has been 
found that if*the charging rate in amperes is kept 
below a value equal to the number of ampere-hours 
then out of the battery the conditions as to gassing 
and temperature will be met. For example, if the bat- 
tery has been discharged to the extent of 100 amp.-hr., 
any rate less than 100 amp. may be used. When 
the charge has been continued until 10 amp.-hr. 
have been put in, leaving 90 amp.-hr. still out, the 
rate must be reduced below 90 amp., etc., the rate 
being continually reduced or tapered to keep within 
the value fixed by the ampere-hour law. When the 
rate is finally reduced to the prescribed ‘‘finishing”’ 
rate for the particular type of battery, the charge may 
be finished at that rate without further reduction. This 
law may be expressed by the differential equation 
di = —idt 
*Part of an abstract of a paper presented at the Summer Con- 


vention of the American Institute of Electrical Engineers, Ithaca, 
N. Y., June, 1935. 
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Part II 


By 
J. LESTER WOODBRIDGE 


The Philadelphia Storage Battery 
Co., Philadelphia, Pa. 


which results from the condition that the charging 
rate i is continually reduced by the amount of charge 
in ampere-hours put in in the interval of time dt. The 
integration of this expression gives the exponential 
equation 
1 
i= Ac 

in which i is the charging rate in amperes, t the time 
in hours, and A the ampere-hours out of the battery 
when the charge starts (t—0). This law is shown 
graphically in Fig. 6 from which it will be noted that 
90 per cent of the capacity taken out may be put back 
in 2 hr. and 20 min. 

While this ampere-hour law is entirely empirical 
it is useful as an approximate guide in determining 
safe charging rates. Any lower rates may of course 
be used with a corresponding increase in the time 


‘ required. 


The accompanying diagram, Fig. 7, shows the re- 
“sults of another interesting test. A discharged bat- 
tery was recharged in accordance with the ampere- 
hour law above mentioned, the charging rate being ad- | 
justed at frequent intervals to keep it equal to the 
ampere-hours out. The cell voltage was taken through- 
out the charge and it will be noted that this voltage 
is substantially constant until about 90 per cent of 
the previous discharge has been restored. This indi- 
eates that a fully discharged battery may be charged 
in about 4 hr. by maintaining a constant voltage of 
about 2.4 v. per cell across the battery. At lower 
constant voltage, even as low as 2.15 v. per cell, the 
battery may be fully charged if sufficient time is avail- 
able. Either of these two methods, that is, either a 
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Fig. 6. (Above) Charg- 
ing by ampere-hour law 


Fig. 7. (Right) Charge 
of 6 cells following a dis- 
charge equal to rated 6 
hour capacity of 135 am- 
pere hours 

Charging current in 
amperes kept equal at 
135 minus ampere-hour 20 
reading. 
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tapering charge, the rate being continually adjusted 
to follow the ampere-hour law, or the constant voltage 
method, will permit charging a battery in minimum 
time, the results being substantially the same in both. 
Each method presents certain disadvantages if mini- 
mum time is imperative. The first calls for constant 
manual control to maintain a carefully predetermined 
schedule of charging rates for given intervals of time. 
The second requires a practically constant voltage to 
be maintained, the correct value of which will depend 
upon the temperature of the cells. Both methods re- 
quire a comparatively high capacity in the charging 
source to supply the initial charging rates. 

The straight constant voltage method is also some- 
what. unstable if comparatively high voltage is em- 
ployed, since small variations of voltage or tempera- 
ture cause excessive variations in the charging rates. 
Thus, an unobserved increase in voltage resulting in 
excessive charging rate will produce a rise in cell tem- 
peratuure causing a reduction in the counter electro- 
motive foree and a further increase of current, the 
effect being cumulative. 

To obviate these disadvantages, the modified con- 
stant voltage method has been adopted and is very 
generally used for charging batteries in motive power 
and similar service. In this method, the voltage of the 
charging bus is maintained substantially constant at 
a value somewhat higher than that required for 
straight constant voltage charging, and a fixed resist- 
ance is included in the charging circuit. The time 
required for a complete charge is somewhat greater 
than with straight constant voltage but no manual 
control is required, the charging rate tapering down 
automatically as the charge progresses, and conditions 
are practically stable. The curves in Fig. 8 illustrate 
the results of constant voltage and modified constant 
voltage methods. Figure 9 shows the results of straight 
constant voltage charging at 2.15 v. and 2.27 v. per cell. 

The methods above described permit establishing 
conditions for charging a battery safely in minimum 
time. If more time is available, lower charging rates 
may of course be used and in some respects are prefer- 
able, as they provide a greater margin of safety and 
eall for less capacity in the charging source. The 
constant current method is entirely satisfactory, pro- 
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vided the rate is not greater than the prescribed finish- 
ing rate; or a two step charge may be used starting 
at a comparatively high rate and dropping to the fin- 
ishing rate when appreciable gassing begins as indi- 
cated by the rapid rise of the charge voltage curve. 
As previously mentioned, very low charging rates 
throughout the entire charging period are entirely 
satisfactory, provided sufficient time is allowed to com- 
plete the charge, the principal difficulty in such cases 
being the less definite indication of the completion of 
the charge by maximum specific gravity and voltage. 


MetHops oF DETERMINING WHEN TO Stop CHARGE 


The next question is how to determine when to stop 
the charge. How can one tell when a battery is fully 
charged? In the early days of storage battery devel- 
opment, the impression became rather firmly estab- 
lished that a final voltage of 2.5 per cell was the cri- 
terion. This idea was perpetuated in certain textbooks 
long after its fallacy had been demonstrated. It was 
usually tied in with a charging rate equal to the 8-hr. 
discharge rate, but nothing was said about tempera- 
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Fig. 8. Straight constant voltage and modified constant voltage 
charging 

A, B,.and C—Amperes. 

Aj, Bi, and C—Ampere-hours. 

A and A;—Straight constant voltage charge at 2.25 v. per cell. 

B and Bi—Modified constant voltage charge. Bus voltage 2.53 
v. per cell. Fixed resistance 0.00306 ohm per cell. 

C and C;—Modified constant voltage charge. Bus voltage 2.63 
v. per cell. Fixed resistance 0.0095 ohm per cell. 
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ture or other factors which affect the final voltage. 
Figure 10 shows a series of curves giving final charge 
voltage of a certain type of cell at different rates and 
temperatures. Different designs of cell will exhibit 
somewhat different characteristics. As a matter of 
fact, the actual voltage of a cell is a very unreliable 
indication of the completion of the charge. The spe- 
cifie gravity of the electrolyte is a better guide but 
even this requires certain precautions, since the spe- 
cific gravity of a fully charged cell will-vary with tem- 
perature and the height of the electrolyte, increasing 
at low temperatures and with reduction in level caused 
by loss of water from the electrolyte by evaporation 
and decomposition due to gassing. The most reliable 
indication is the attainment of maximum voltage and 
specific gravity, as indicated by a number of identical 
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Fig. 9. Typical curves of recharge at constant voltage of 2.15 and 
2.27 v. per cell, following 100 per cent discharges at the 8 hour rate 


readings taken at stated intervals. Even then a tem- 
perature correction should be applied, if appreciable 
temperature charge has occurred. 


AMPERE-Hour METER FoR STOPPING CHARGE 


Another method for determining when a battery 
has been fully charged is to measure the ampere-hour 
output during the previous discharge, and continue the 
charge until the same number of ampere-hours have 
been put in plus a certain percentage of overcharge to 
compensate for losses. An ampere-hour meter is the 
most practical means for measuring the output and 
input, and these meters are designed to run slow in the 
charge direction by a certain percentage which may be 
adjusted within limits so that, when the indicator hand 
has returned to zero, the necessary overcharge will 
have been given. These meters are also provided with 
a contact at the zero point which may be used to trip 
a circuit breaker in the charging circuit and thus ter- 
minate the charge automatically. 

The percentage of overcharge required will vary 
considerably under various operating conditions. In 
the case of daily discharges calling for nearly the full 
capacity of the battery followed by a recharge in 7 
or 8 hr., a 15 per cent overcharge is usually satisfac- 
tory for lead-acid cells. It must be remembered, how- 
ever, that practically all the loss due to gassing occurs 
at the end of the charge, and the overcharge in ampere- 
hours required to compensate for this is nearly con- 
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stant for a given charging rate and independent of the 
amount of discharge. The percentage of overcharge 
required will therefore be greater if the operating 
cycle involves only a partial discharge. If the dis- 
charge is intermittent in character or at very low rates 
and therefore spread over a long period of time, call- 
ing for a recharge say once a week or less frequently, 
the loss due to local action may be appreciable in pro- 
portion to the total useful work, requiring a compara- 
tively high percentage of overcharge. 


Tue ‘‘ Equauizine’’ CHARGE 


On account of the difficulty of determining exactly 
how much overcharge is required by a battery sub- 
jected to daily cycles, and in order to avoid unneces- 
sary overcharge, it is common practice to stop the 
daily charge a little short of full charge and give the 
battery a so-called ‘‘equalizing’’ charge at stated in- 
tervals, say once a week for service involving daily 
charges; this equalizing charge consists of a prolonga- 
tion of the regular charge, at the finishing rate; until 
the proper values of specific gravity and voltage have 
been shown for a maximum period of one hour or 
longer, depending upon the rate of charge. The one 
hour maximum applies when the rate at end of charge 
is equal to the specified finishing rate for the cell. At 
lower rates, the maximum is longer in inverse ratio; 
for example, 3 hr. at 1/3 the finishing rate. 

The purpose of the equalizing charge is to insure 
that occasionally every plate in every cell of the bat- 
tery is brought with certainty to a state of full charge. 
This is especially important in respect to the negative 
plates. It is not to be expected that all the plates in 
a battery will remain exactly alike throughout its life, 
and those that develop a little more loeal action than 
the rest will probably not be fully charged at the end 
of the normal charge. The difference therefore is 
cumulative and can only be corrected by the equaliz- 
ing charge. 


VouTAGe RELAY FoR SToppING CHARGE 


For automatically terminating the charge another 
principle has been successfully employed. While a 
definite final voltage is not a reliable indication of the 
completion of the charge, the point where gassing be- 
gins and the voltage rises rapidly occurs at about the 
same state of charge for a given charging rate and 
temperature. Since the voltage curve is quite steep at 
this point a voltage value can be established say be- 
tween 2.35 and 2.4 v. per cell which is certain to fall 
on this part of the curve, even with considerable varia- 
tion in charging conditions, and a relay employed to 
respond to this voltage need not be designed for such 
extreme accuracy as to be impractical. This principle 
is used in several arrangements for the automatic 
control of battery charge. In one of these, the voltage 
relay starts a clock mechanism when the battery volt- 
age reaches the selected value, and the clock, after 
running for a definite period of time, say 1 or 2 hr., 
opens a switch in the charging circuit and stops the 
charge. Other applications of this principle will be 
referred to later. 

Up to this point applications have been considered 
in which the battery is employed’for ‘‘cycle’’ service 
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—that is, it is discharged more or less completely in 
performing its work and is then taken out of service 
for recharging. Usually, as in motive power service, 
the work circuit and the charging circuit are independ- 
ent of each other. In other cases, as in farm lighting, 
the charging source carries the load while the battery 
is being charged, the battery being used when the 
charging source is shut down. 

In another and very extensive class of battery 
applications, the battery is constantly floating on the 


2 
















2.7 


2 


VOLTS PER CELL 
Lhd nd 
> w 


nN 
w 


nm 
nm 






2. 





0 10 90 100 


20 60 70 80 
CHARGING CURRENT IN PER CENT OF 8 HOUR RATE 
Fig. 10. Final charge voltage at various rates and temperatures 


supply circuit, and kept fully charged except for ocea- 
sional momentary discharges to carry the load peaks 
or for emergency discharges to tide over interruptions 
to the normal source of current. These applications 
may be conveniently divided into two classes, viz.: 
those in which the battery is continuously connected 
to a substantially constant voltage bus or circuit, and 
those in which the battery is continuously connected 
to the load circuit and a constant current is supplied 
to the circuit sufficient to carry the load and in addi- 
tion to furnish a small trickle charge current to the 
battery to compensate for local action and keep the 
battery fully charged. 

In the first, or ‘‘floating’’ system, the bus voltage 
is maintained at an average value equivalent to 2.15 v. 
per cell (assuming 1.215 specific gravity electrolyte) 
and it is desirable to keep this voltage as nearly con- 
stant as possible, since variations above and below the 
average value will cause the battery to charge and dis- 
charge, subjecting it to a certain amount of useless 
work. This constant voltage floating automatically 
compensates for the effects of varying temperatures, 
since at higher temperatures the battery will take more 
current at the same voltage, thus compensating for 
the corresponding increase in local action. In these 
strictly constant voltage floating systems the operating 
conditions for the battery are independent of the load 
since, if the voltage of the source is not affected by 
load fluctuations, such fluctuations must fall on the 
source and not on the battery. In certain installations 
falling essentially in this class, the generator is de- 
signed with a flat-compound characteristic up to full 
load, at which point the voltage drops off decidedly 
with further increase of load. Such a combination is 
ideal for handling a combination of load in which a 
part of the load is steady but may vary from time to 
time while upon this steady load is superimposed in- 
termittent momentary demands of considerable magni- 
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tude. Under these conditions the generator will handle 
the trickle charge for the battery and the variations 
in the steady load, assuming that these do not exceed 
the range over which the generator voltage is constant, 
while the momentary demands beyond this range are 
carried largely by the battery. These momentary dis- 
charges amount to very little in ampere-hours com- 
pared to the battery capacity so that the actual work 
falling on the battery is relatively light. It should 
be noted that the term ‘‘flat-eompounded’’ in this 
ease must be literally interpreted as signifying a volt- 
age characteristic that is substantially constant over 
the entire range from no load to full load, and not 
merely equal at full load and no load with a hump 
between. 


INTERMITTENT CHARGE WITH CoNSTANT DISCHARGE 


There is another class of battery applications in 
which the load circuit carrying a variable load is con- 
stantly connected to the battery, while the charging 
source is available only at more or less frequent in- 
tervals. A typical example is the usual railway axle- 
lighting system. Here constant voltage control of the 
charging generator is employed (modified to prevent 
overloading the machine), but on account of the inter- 
mittent application of the charging source a higher 
value of constant voltage must be used than the 2.15 v. 
per cell adopted for continuous floating. Owing to the 
uncertainty as to the proportionate time during which 
the charging source is available as well as the varia- 
tion in amount of discharge, under different operating 
schedules, it is impossible to determine an ideal value 
for the constant voltage to be maintained when the 
generator is running, and in order to minimize the 
possibility of a discharged battery and a resulting 
light failure, the generator voltage is controlled at a 
point which produces some overcharging under aver- 
age operating conditions, a voltage of 37 to 38 v. for 
16 cells being usual. This will recharge a discharged 
battery rapidly but will not produce injurious over- 
charging, considering the small proportion of the time 
each day during which the battery is subjected to this 
voltage while fully charged. 


At its Freemansburg substation near Bethlehem, 
Pennsylvania Power and Light Co. has installed a 
20,000-kw., 60 to 25 eyele frequency changer, built by 
the General Electric Co., which is hydrogen cooled. It 
is 15 ft. diam. by 51 ft. 10 in. long and has two annular 
rings containing stator windings and four such rings 
containing bearings and hydrogen coolers. It can con- 
vert either way between 60 and 25 eyeles. Hydrogen 
is circulated by fans on the rotor control and is cooled 
by passing over water coils through which flows water 
from deep wells entering at about 52 deg. F. This 
water is handled by two Byron Jackson, 4-space, deep- 
well pumps, using, however, only three impellers, the 
fourth to be installed in case water level in the wells 
falls. Water supplied is 300 g.p.m. at 145 ft. head, 
the pumps having 100 ft. setting with motor houses 
well above high water mark of the adjacent Saucon 
Creek. To avoid freezing, discharge tees are placed 
below the frost line in concrete pits whose tops are 
well insulated, and with special packing glands above 
the discharge tees to prevent’ water rising into the 
part of the pump column above the tees. 
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MOTOR 
WINDING 


By C. C. HERMANN 


O UNDERSTAND thoroughly some common motor 

and generator troubles one must have some idea 
relative to how the winding is constructed and how 
the coils of the: phases are connected. This subject is 
far too extensive to be covered in a single article. 
However, I will try to uncover some very common 
faults and explain at least one trouble encountered 
with a newly rewound machine. This is not to imply 
a reflection on the work done in rewinding shops but 
is entirely due the fact that none of us are infallible. 
Errors creep in and go unnoticed until the product of 
manual effort is placed in service. It is then that it 
is given the acid test. 

We start from the premises that the reader under- 
stands that in alternating current machines the e.m.f.’s 
of the two-phase machine are 90 electrical degrees 
apart and of the three-phase machine 120 electrical 
degrees apart. For example, let us consider the pole 
represented diagrammatically in Fig.1 having the three 
coils A B, A’ B’, and A” B”, one of which exists in 
each of the three phases. Of course, there may be 
from 2 to 14 poles in the given machine and from one 
to several coils in each phase group; however, for sim- 
plicity, we show one coil per group and one pole rep- 
resented in 360 electrical degrees. It is quite evident 
that the induced voltage A to B, A’ to B’, and A” 
to B” would be 120 deg. apart. Note, however, that 
we have one ‘‘B’’ between two ‘‘A’s’”’ and one ‘‘A”’ 
between two ‘‘B’s’’ so that reading the voltage from 
A to B in each phase group there is a definite reversal 
of the voltage. This leading of the voltage in the phase 
groups is further illustrated in the sine curves shown 
in Fig. 2 which shows the three phases related to 
each other as follows. The e.m.f. of A’ B’ leads A” B” 
by 120 deg. A” B” leads A B by 120 degrees. 

Figure 3 is a vector diagram showing the relation 
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between phases A B and A” B” and drawn with the 
diagram of Fig. 1 as a basis. It will be noted that 
the vector representing coil A B is drawn toward the 
right, indicating that the voltage is from A to B as in 
Fig. 1 and the vector A” B” is drawn sloping toward 
the left and upward, corresponding with the direction 
of the voltage from A” to B” in Fig. 1. This is as 
it should be, because if we were to reverse the direc- 
tion of the voltage in A” B” as indicated in Fig. 4. 
which is a duplicate of Fig. 1 with this coil reversed, 
we would have a vector diagram as shown in Fig. 5. 
From the latter figure it is noted that reversing the 
vector A” B” throws this vector 120 plus 180 deg. away 
from A B. 

Let us examine this from the angle of the result- 
ants of these voltages in connection with the vector 
diagrams Fig. 3 and 5. The resultant X of Fig. 3 is, 
providing we give the vectors A B and A” B” values 
of say 220 v., exactly 220 v. as may be readily seen 
upon completing the parallelogram. This is true since 
two equal forces acting at an angle of 120 deg. to each 
other have a resultant force exactly equal to either 
one of the forces. It is quite evident from an examina- 
tion of Fig. 5 that the resultant X cannot be equal to 
either of the forces A B or A” B”, nor can it be equal 
to the sum of these forces; however, it can and is equal 
to the vector sum of these forces. Completing the 
parallelogram in Fig. 5, we see that X is much larger 
than either of the forces but less than the arithmetical 
sum of the forces. Since the A” B” is 300 electrical 
deg. from A B and each equal to 220 v., the resultant 
X must lay between them and 30 deg. from each. From 
the Cosine Law we have 


X = 220? + 220? + 2 X 220 X 220 X cos 30 = 425 


Therefore in an open delta hook-up the voltage 
between the phases must be the same as the voltage of 
the phases taken separately. If this is not the case 
the trouble is, undoubtedly, in the connections and is 
generally cured by reversing one phase. This is, gen- 
erally speaking, phasing out the machine. This cannot 
be accomplished by mere observation but is generally 
done by use of the voltmeter testing the voltage be- 
tween the various leads and connecting first two leads 
together and reading the voltage and then two other 
leads. In case the first connection does not give the 
desired voltage, reverse one of them in the second test. 

In the closed delta hook-up the procedure is very 
similar to the foregoing, however slightly more com- 
plicated. In the open delta we were concerned with 
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but two of the coils, whereas in the closed delta hook- 
up we must take into consideration all three coils and 
hook them up in such manner that the voltage between 
the ends of the coils connected together is zero so 
there will be no current circulating through the coils. 

In the open delta hook-up shown in Fig. 6 we con- 
nect coil ends A’ C together, using the ends AC’ as 
the terminals. For a closed delta hook-up we must 
include the idle phase BB’ in the circuit; therefore 
we hook up as shown in the following diagrams. Fig. 7 
shows the resultant O R as the voltage across the 
terminals A C in the open delta case being equal to the 
voltage of the separate coils. If we now join B to C’ 
the phase B will lead phase O C by 120 deg. We there- 
fore draw vector O B in Fig. 7 at 120 deg. from O C. 
In Fig. 8 we have collected the various vectors together 
in a diagram in order to find the voltage across the 
terminals AB’. Drawing the vector OA parallel to 
O A in Fig. 7, then vector O C parallel to O C in 
Fig. 7 but with the end O joining the vector O A at 
its head A and vector O B parallel to O B in Fig. 7 
with its end O joining the vector O C at its head C, we 
have but to measure the distance between the head B 
of vector OB and the tail O of vector O A to obtain 
the voltage across these terminals. However, since the 
head B and the tail O of their respective vectors coin- 
cide the voltage is zero. These ends may therefore be 
connected together to form the closed delta. 

In the motor or generator the leads are connected 
to the points A, C, B as indicated in Fig. 9 and, for 
convenience, are numbered 1, 2 and 3. The voltage 
between 1 and 2 is the voltage of phase A A’; that 
between 1 and 3 of phase C C’ and that between 2 and 
3 of phase BB’. All voltages are equal, that is, if the 
voltage of the coil A A’ is 220 and the other coils are 
identical, then the voltage between the various lead 
wires will also be 220. 

It is quite evident that should either one of the 
coils be reversed in connecting from the order given 
then the e.m.f. of that coil will be advanced 180 deg. 
from the position shown. For example, suppose the 
O B phase were reversed so that this would be an O B’ 
phase, then the O B vector would not be directly oppo- 
site the resultant O R (Fig. 7) of the other two phases 
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but would be in the position shown in Fig. 10 or coin- 
cide with O R resulting in a voltage between O B equal 
to the sum of the voltage of OR and OB or 440 v. 
Obviously the terminals of B and O cannot be con- 
nected as shown in Fig. 11 for if they were so con- 
nected the winding would flash upon being placed in 
service. 

When winding the machine the coils for all phases 
are inserted in the conventional manner, going around 
the machine clockwise, and the terminals of the phases 
are regularly labeled A A’, BB’ and CC’; however, 
before making the delta connections the B B’ phase is 
reversed by exchanging ends. This throws the phase 
terminals into an alternate arrangement so that the 
terminals A, B and C are taken out for the leads and 
the A’ terminal is connected to the B’ terminal, the B’ 
terminal to the C terminal and the C’ terminal to the 
A terminal. With this arrangement it becomes a simple 
matter, should the necessity arise, to reconnect the 
machine for Y operation. 

In the closed delta machine the voltage test should 
give equal results between all leads; however, should 
a phase be reversed, the voltage between two leads 
will be double the voltage between the other leads or 
their combinations. The trouble when encountered is 
self-evident and the machine must be opened up in 
order to correct the difficulty since the connections are 
generally made inside at the coil ends and the single 
leads only brought out. 

In the foregoing it has been assumed that the 
reader knows how to handle vector quantities and 
understand some simple diagrams. The diagrams used 
are conventional and can easily be laid out on a draft- 
ing board, using a scale of any convenient unit for 
volts. The results may be readily measured in the reg- 
ular manner close enough for all practical purposes. 
The accuracy, of course, of these diagrams, will depend 
upon the care taken in laying off the lines in degrees. 
The fact that the term electrical degrees is used occa- 
sionally need not confuse, as this merely refers to the 
complete reversal of the current in the alternating cur- 
rent system or complete cycle and when laying out 
the diagrams the degrees lead are laid out in standard 
degree with a draftsman’s sector or drafting machine. 
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scavenging pressures. Engine speed, 1270 r.p.m. 


OSSIBILITIES of obtaining greatly increased 

power per unit of piston displacement has caused 
much effort to be directed toward the development of 
2-stroke-cycle engines Fuel economy in the conven- 
tional 2-stroke-cycle, spark-ignition engine is poor be- 
cause the cylinder is scavenged with a carbureted mix- 
ture. The loss of fuel with the scavenging air can be 
prevented by injecting the fuel into the engine cylinder 
after the scavenging has been completed. 

In the present investigation a single-cylinder, gaso- 
line-injection, 45g by 7 in., spark-ignition, 2-stroke- 
eycle engine was constructed using a modified air- 
cooled Liberty engine cylinder and a universal test 
engine base. The displacement of the engine was 118 
cu. in. A maximum net brake mean effective pressure 
of 132 lb. per sq. in. was obtained at an engine speed 
of 1000 r.pm. A maximum of 43.0 net br.hp. was 
obtained at 1225 r.p.m. The cylinder could not be 
cooled satisfactorily at high power outputs with an 
air velocity of 120 miles per hour. 

A water-cooled cylinder of the same displacement 
was constructed to continue the 2-stroke-cycle investi- 
gation to higher speeds and under more favorable cool- 
ing conditions. The engine could be operated with 
either spark ignition or compression ignition. With 
spark ignition a maximum of 69.0 gross br.hp. (uncor- 
rected for blower power) was developed at 1800 r.p.m. 
using a scavenging pressure of 8.4 in. of mercury—a 
specific output of 0.585 gross br.hp. per cu. in. of 
piston displacement. 

More extensive tests were conducted with the en- 
gine operating on compression ignition. The optimum 
fuel-spray distribution was determined by systemati- 
eally varying the number, size, and arrangement of 
the orifices in the fuel-injection valve. Inertia of the 
scavenging air and length of the exhaust pipes had a 
marked effect on the engine performance. With other 
conditions constant, the increase in gross power out- 
put was found to be proportional to the increase in 
scavenging pressure. A maximum gross mean effective 
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Engines Test Results of a Compression- 
Ignition 2-Stroke-Cycle Engine Reported 
in N.A.C.A. Report No. 495. By J. 
‘A. Spanogle and E. G. Whitney 


pressure of 167 lb. per sq. in. was obtained at 1230 
r.p.m. with a scavenging air pressure of 8.0 in. of mer- 
eury. The corresponding gross brake horsepower was 
61.5. 


Water-CooLtep Test ENGINE 


The water-cooled cylinder unit was constructed and 
adapted to the crankcase used for the air-cooled engine 
tests. The 45¢-in. bore and 7-in. stroke were retained 
and also the piston-controlled inlet ports and poppet 
exhaust valves. Four exhaust valves were used, oper- 
ated by individual cams on two overhead camshafts. 
The cylinder head constructed for this engine con- 
tained the disk form of combustion chamber and gave 
a compression ratio of 13.3, based on the displaced 
volume, when used with a flat-top piston. A cylinder- 
head spacer was designed to be bolted between the 
cylinder and cylinder head to reduce the compression 
ratio to 4.9 for spark-ignition tests. Fuel was injected 
by the cam-operated, port-control plunger pump 
through the impinging-jets injection valve. 

Before power tests were conducted the engine was 
motored at speeds between 900 and 1800 r.p.m. and 
compression pressures measured at scavenging pres- 
sures from 1 to 8 in. of mercury. Figure 2 shows the 
compression pressures measured with an electrical bal- 
anced-diaphragm indicator. The decrease in compres- 
sion pressures at 1800 r.p.m. is interpreted to indicate 
throttling of the air because of reduced inlet and ex- 
haust time areas. The pressures developed on the 
compression stroke with the engine under power may 
differ considerably from those measured with the en- 
gine motored, because of the large difference in air 
consumption under the two conditions. Due to diffi- 
culties with excessive smoke and incomplete combus- 
tion of fuel, an extensive investigation of the injection 
valve was made and the engine performance improved 
over 30 per cent. 

The nozzle finally adopted had a central 0.020-in. 
orifice and two 0.010-in. orifices at an angle of 60 deg., 
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all in the same plane, and was the simplest combina- 
tion of orifices giving performance equal to any other 
orifice combination tested. Figure 3 shows the engine 
performance obtained with this nozzle over a range of 
fuel quantities when the maximum cylinder pressure 
was limited to 1000 lb. per sq. in. At 0.50 lb. per br. 
hp-hr. fuel consumption, the gross brake mean effec- 
tive pressure obtained was 115 lb. per sq. in. At the 
better economy of 0.45 lb. per br. hp-hr., 105 lb. per 
sq. in. brake mean effective pressure was obtained. 


EFFECT OF SCAVENGING PRESSURE 


With the speed and maximum cylinder pressure 
held constant, the effect of increasing the scavenging 
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Fig. 2. Variation of compres- 
sion pressure with engine speed 
and scavenging pressure as meas- 
ured with the engine motored. 
In service, compression pressures 
vary considerably from the above 


pressure was investigated. Figure 4 shows the perform- 
ance obtained up to and including 6 in. of mercury 
scavenging pressure at a constant fuel consumption of 
0.50 lb. per br. hp-hr. It will be seen that the power 
increased uniformly with increasing scavenging pres- 
sure. Above 6 in. of mercury scavenging pressure the 
fuel quantity required exceeded the capacity of the 
injection pump and resulted in inefficient combustion 
owing to a protracted injection period. However, the 
torque limit of the dynamometer was reached when the 
engine developed 167 lb. per sq. in. gross b.m.e.p. at 
8 in. of mercury scavenging pressure at the expense 
of increased fuel consumption. 


EFrrect ofr ENGINE SPEED 


The effect of engine speed on performance was 
determined for a constant scavenging pressure of 1 in. 
of mercury and a constant gross fuel consumption of 
0.50 lb. per br. hp-hr. The results are shown in Fig. 5. 
The shapes of the curves of power and mean effective 


568 





20 22 24 2.6 
Fuel quantity, /b /cycle 





Scovenging pressure, inches of mercury — 


Fig. 3. (Above) Effect of tuel quantity on gross engine 

performance. Engine speed, 1250 r.p.m.; scavenging pres- 

sure, 1 in. of mercury; maximum cylinder pressure, 1000 
b. per sq. in. 


Fig. 4. (Below) Effect of scavenging pressure on gross 

engine performance, engine speed, 1230 r.p.m.; maximum r.p.m. are similar to the air con- 

per sq. in.; fuel consumption, 

0.50 Ib. per br.hp. A, fuel consumption not measured at 
this point. 


cylinder pressure, 1000 Ib. 


pressure at about 1100 r.p.m. are similar to that of the 
air-consumption curve which is a characteristic of the 
present scavenging system. Tests have shown the ex- 
haust-pipe length to be an important factor in deter- 
mining the charging capacity and therefore the power 
output of the cylinder, although sufficient data have 
not yet been accumulated to show the exact relation- 
ship. The length of the exhaust pipes used in these 
tests was 43 in. 

Tests conducted at scavenging pressures of 1 to 4 
in. of mercury showed the air consumed under power 
to be from 2 to 6 times that used when motoring, the 
greatest difference occurring at the lowest scavenging 
pressure and the least difference at the high scaveng- 
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Fig. 5. Effect of speed on gross 
engine performance. Scavenging 
pressure 1 in. of mercury; 
maximum cylinder __ pressure, 
1000 Ib. per sq. in.; fuel con- 
sumption, 0.50 Ib. per br.hp. 
The shapes of the curves of 
power and m.e.p. at about 1100 


sumption curve 


ing pressures. However, the air consumed under power 
was found to vary but slightly with engine load, as is 
shown in Fig. 1. 

Variation in specific air consumption in pounds per 
gross brake horsepower-hour for various scavenging 
pressures in inches of mercury at a constant engine 
speed of 1270 r.p.m. and constant specific fuel con- 
sumption of 0.50 lb. per br. hp-hr. was as follows: 
1 in., 7.2 Ib.; 2 in., 7.8 lb.; 3 in., 8.75 lb.; 4 in., 9.75 
lb.; 5 in., 10.9 Ib.; 6 in., 12.2 lb. The increase in spe- 
cific air consumption at increasing scavenging pres- 
sures is indicative of the increased air passed through 
the cylinder during the scavenging period. Further 
evidence of the existence of inertia scavenging and 
charging effect was given by continued running of the 
engine when the inlet manifold was opened to atmos- 
pheric pressure. The power output was obviously quite 
low, but it was possible to accelerate the engine to the 
highest allowable speed of 2000 r.p.m. with only atmos- 
pherie pressure at the intake ports. 
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All tests represents gross output and fuel consump- 
tion, uncorrected for power absorbed by the blower. 
The power loss to the blower at an engine speed of 
1270 r.p.m. for pressures from 0 to 6 in. of mercury in 
terms of engine b.m.e.p. ranged as follows: 1 in., 0.55 
Ib.; 2 in., 1.3 lb.; 3 in., 2.25 lb.; 4 in., 3.4 lb.; 5 in, 
4.75 lb.; 6 in., 6.2 lb. Net outputs may be obtained 
by applying these corrections to the gross outputs. 


Idling tests conducted with the same fuel pump 
and automatic injection valve showed the minimum 
steady idling speed to be 350 r.p.m. With a different 
injection system, a minimum idling speed of 150 r.p.m. 
was obtained with consistent firing. In order to obtain 
this low speed the fuel quantity was reduced to a low 
value and then the air to the manifold was progres- 
sively throttled to about 0.1 in. of mercury. After 
the engine had slowed down to 150 r.p.m., however, 
increasing the air pressure had no effect on the speed. 


Tests conducted with the 2-stroke-cycle compres- 
sion-ignition engine show that: With the orderly air 
-Swirl induced by the inlet-air guide vanes, a 3-orifice 
nozzle injecting across the combustion chamber gives 
power and economy equal to that obtained with any 
other number and arrangement of orifices tested in a 
single nozzle; two injection valves connected to the 
same fuel pump give no better performance. 

Other conditions remaining constant, the gross 
power output increases with increasing inlet-air pres- 
sure up to a pressure of 6 in. of mercury, the increase 
in power being indirectly proportional to the increase 
in the scavenging pressure. Satisfactory idling can be 
obtained with regular firing at low inlet-air pressures. 
Power varies irregularly with speed at low scavenging 
pressures and indicates an inertia charging effect that 
requires further investigation. 


A Dilatometer, for Measuring the 
Expansion of Metals 


In THE ScHENECTADY Works Laboratory of the 
General Electric Company there is a dilatometer, an 
instrument which measures and records in ten-thou- 
sandths of an inch, the expansion and contraction of 
metals as they are heated and cooled. The device was 
built from specifications of the United States Bureau 
of Standards for use of the company in its investiga- 
tions regarding metals, and is not a device that the 
company is marketing. 

The dilatometer consists of a small cylindrical fur- 
nace surrounding a quartz tube—the quartz with- 
standing high temperatures and having a minimum of 
expansion when heated. A round core of about the 
size of a thick pencil and made of the metal to be 
tested is placed within the tube, which is then elec- 
trically heated up to 1800 deg. F. On top of the 
specimen is placed another smaller quartz tube, sealed 
at both ends, to transmit the dilation of the specimen 
to a dial gage. The gage is connected by an Invar 
clamp to the outside quartz tube, and can be read to 
0.0001 inch. 

Metals do not expand in an even, gradual way as 
the temperature is increased, investigations have 
shown. Instead, they react in an irregular fashion, 
expanding in spurts. Often, when a certain tempera- 
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ture is reached, the metal under test will contract in 
spite of increased heat, and then once more expand 
at a still higher point of the heat scale. 

With the dilatometer such irregularities can be 
determined accurately. In welding, brazing or heat 
treating, information on the reaction of the metals 
involved to heating and cooling is very valuable. In 
welding, for example, where one metal is being joined 
to a different one, the two should cool at approxi- 
mately the same rate or be heated in a manner to 
compensate for difference in cooling rate. If one of 
the metals should cool faster than the other, it would 





Dilatometer for measuring expansion and contraction of metals 
under heating and cooli 


shrink away from the weld and either crack or weaken 
the joint. 

If it is known in advance, a variation in the rate 
of expansion or contraction can be taken into account 
by carefully controlling the temperatures of each 
metal. Complications arising from irregularities shown 
in the way certain metals respond to heat at critical 
or irregular points may also be avoided through 
proper heat adjustment. 

By testing various alloys of different compositions 
with the dilatometer, it is possible to tell how indi- 
vidual elements are affected by heat variations. After 
this has been determined it is possible to raise, lower, 
or even eliminate the critical points of a steel com- 
pound, for instance, by adding certain elements. In 
this way, a compound can be created with nearly any 
characteristics of expansion and contraction that may 
be required. 


DIESEL ENGINEs of radial type with 5, 8 or 10 cylin- 
ders have been developed by Continental Motors Corp. 
They are of 2-stroke cycle type, the 10-cylinder design 
developing 635 hp. at 1400 r.p.m. and weighing 3900 
lb. Space occupied is 10 by 8 by 8 ft. No foundations 
are needed since the engine has inherent balance. Pis- 
tons and cylinder heads are of nickel-aluminum alloy, 
all running parts of nickel alloy steel. The weight, 
6.14 lb. per hp., makes this new design well suited for 
aircraft, buses, marine use and interurban cars, as well 
as for power plants where heavy foundations are im- 
practicable. 
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URING THE DAYS immediately preceding and 
after the turn of the 18th century, the eyes of 


Anthony Van Leenwenhoek, of Delft, Holland, were 
beholding for the first time much of that part of the 
world which, until he developed a hobby for the manu- 
facture of lenses, had remained invisible. 

Many were the wonders of the new world which 
passed before his eyes but one which is recorded as 
among the most startling was his first view through 
one of the 247 microscopes which he made of a specimen 
of clear water. In this, among a variety of other float- 
ing or swimming organisms, he espied a tiny and 








5? nine by special permission from ‘ ~— Power Special- 
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DIATOMS, INSULATION and 


Fig. 1. A few of the ten thou- 

sand forms of diatoms which 

have been classified as they ap- 
pear under the microscope 


exquisitely formed plant known as a diatom. 
That was in 1702. 

He did not know it was a plant nor did he 
know it was a diatom. Perhaps, limited in his 
vision by the crudeness of the instrument he 
had devised, he could not even see that it was 
beautiful. It remained for later generations of 
research scientists to establish all of this. But 
Van Leenwenhoek described what he observed 
so accurately that it has been generally agreed 
that what he saw was a diatom. 

It required some 150 yr. or more of intermittent 
study and controversy. before very many facts about 
the nature and life and purpose of the diatom were 
known, but since then enormous progress has been 
made in harnessing the fossilized deposit of this micro- 
scopic plant. 

What are the important services which the research 
scientist has found for the microscopic fossilized 
remains of the diatom? It requires from twenty to 
seventy-five million of them for a cubic inch of com- 
mercially valuable deposit. 

To enumerate them all would be impossible but 
among these services is the provision of high tempera- 
ture insulation; high speed modern filtering processes 
in food, chemical and other industries; absorbent and 
inert fillers for hundreds of articles of manufacture, 
an unsurpassed polishing material and an admixture 
to increase workability and quality of concrete. It is 
in the role of insulating material that the diatoms are 
of primary interest to the power plant engineer. 

Diatoms we now know are microscopic, single-celled 
plants related to the algae (a form of seaweed), and 
they are characterized by the secretion of a siliceous 
frustule or shell which encloses the living cell. This 
frustule consists of two parts, or valves, which fit closely 
into each other like a pill box to enclose the cell, the 
whole being united by a girdle or cingulum. 

The diatom is the only known plant that possesses 
the power of involuntary ‘movement. Ordinarily the 
diatom plant consists of the cell contents (nucleus, 
cytoplasm, coloring matter, oil globules, ete.), a gela- 
tinous envelope and the siliceous valves or shells. It is 
in the valves that we are primarily interested for they 


Fig. 2. Dr. A. B. Cummins 
head of the Vohne Manville 
Celite Laboratory making 
measurements of diatoms un- 
der the ultra microscope with 
the aid of a beam twice the 
intensity of sunlight from the 
Sperry arc 
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Fig. 3. Exploring the heated area of a 
block of high temperature insulation with 
the optical pyrometer 


are what survive after the death 
of the plant. 

These valves are of diverse size, 
shape, structure and markings, the 
different characteristics of which 
serve to identify the ‘‘species’’ and 
‘‘variety’’. The diversity of forms 
and shapes, intimate markings and 
figurations and the symmetry and 
beauty of design have intrigued 
and fascinated men since their discovery. Some 8000 
to 10,000 forms have been identified. 

Living diatoms are of a very wide distribution, 
thriving in great numbers wherever moisture, sunlight 
and an adequate food supply is available. They are 
found in all pools, ponds and streams of relatively quiet 
waters; also in the depths of the ocean (to the limit 
of light penetration) and on the surface as floating 
plankton masses, on wet sticks, stones and mountain 
tops. There are probably a few diatoms present in every 
glass of water you drink. 

The skeletons or shells of these tiny organisms 
through hundreds of centuries were deposited and these 
deposits we know today as deposits of diatomaceous 
earth. And from these deposits of diatomaceous earth 
man takes the ‘‘ white gold’’ which we use for insulating 














our furnaces and pipe lines and for countless other 
purposes. 

As might be expected from the universal growth of 
diatoms, these deposits of diatomaceous earth are gen- 
erally distributed through the world. Most of them, 
however, are not commercially important because of 


impurities or size. The number of extensive deposits 
of high purity and quality is limited, and to date by 
far the largest, purest and most uniform ever discovered 
is at Lompoc, Cal. This deposit covering approximately 
5 sq. miles with a total thickness of about 1400 ft. 
contains in excess of a hundred million tons. Today, 
this deposit is owned and worked by Johns-Manville. 
Here the deposit is mined and sold as Celite. 

A block of crude earth from this deposit was exhib- 
ited at a fair in San Francisco in 1894. In 1898 one ton 





























Fig. 4. Some of the amazingly complex and beautiful designs of the diatom as revealed to the artist 
by means of the microscope 

A. The arachnoidiscus diatom, B. Perspective view of the simple Discoid diatom showing the two 

Aulacodiscus diatom, 


valves fitted together like a pill box. C. 


Rouxia diatom, a rare form. D.. The Ai 


a microscopic jewel box of cnerne. lass. E. Living Navicula diatom; left, valve view, right, girdle 


view. F. 
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led structure of cell wall of a disc diatom 








of crude rock was shipped to San Francisco to be 
utilized in heat insulating compositions. Small progress 
in its use was made until after 1912 when August Fitger 
and P. S. Anneke, Duluth brewers and confectioners, 
took over the properties and operated it as the Kiesel- 
guhr Co. of America—kieselguhr being the name first 
used for diatomaceous earth in Germany. Through the 
vision and energy of Mr. Fitger, engineers and chemists 
were brought into the picture and a laboratory was 
founded in 1913. Research brought rapid strides and 
from 1911 to 1915 shipments of diatomaceous earth 
increased from 1600 to 16,000 tons annually. In 1916 
the name Kieselguhr Co. of America was changed to 
Celite Products Co. which later became the Celite Co. 
Diatomaceous earth possesses no unusual chemical 
properties. It is essentially amorphous, hydrated silica, 
mineralogically classified as opal. Its physical proper- 
ties, however, make it unique and valuable. The great 
diversity and intricate shapes of the microscopic forms 
is the fundamental basis of the industry. It is this 
structure that gives it its high porosity (90 per cent by 
volume of minute air cells), its great absorptive capac- 
ity (3 to 4 times its weight of liquid in the powdered 
form) and its extremely low thermal conductivity. 


Waste Heat Recovery 


Through detailed study of this structure, the preserva- 
tion of it throughout the various manufacturing 
processes and the adaptation of it most efficiently to 
the various uses for which it is suited, the greatest 
success has come. 

Almost from the first the major efforts of the 
research have been directed along 6 important chan- 
nels; engineering and production, heat insulation, 
filtration, fillers, hydraulic cement admixtures and a 
section best classified as miscellaneous. 

The first use of diatomaceous earth as heat insula- 
tion was when a calcined aggregate was produced and 
this also found use in making monolithic semi-refractory 
insulating concrete. Later a natural brick insulation, 
sawed directly in the quarries, was produced for use 
with temperatures up to 1600 deg. F. The need for an 
insulation for still higher temperatures resulted in the 
development of a specially fabricated, strong, light- 
weight brick, for use up to 2000 deg. F. Later on 
further research led to the development of insulation 
for temperatures up to 2500 deg. F. and in a material 
made of selected and processed Celite bonded with 
asbestos fiber for many uses, such as insulating boiler 
settings, pipe covering for high temperature piping. 


From Diesel Engines 


Part II. Charts Facilitate the Solution of Problems Involving the 
Amount of Steam or Hot Water Available from 2 Cycle Engines 


By EMIL ELMISEN 
Kiel, Germany 


i THE FIRST PART of this article there was pre- 
sented a chart for determining the amount of steam 
and hot water from the exhaust gas heat of four cycle 
internal combustion engines. Now there will be pre- 
sented a similiar chart for the solution of similar prob- 
lems but with respect to two cycle engines. 

As pointed out in the previous article in the two 
stroke cycle engine, the weight of the air delivered to 
the engine cylinders depends upon the scavenging 
pump size and efficiency. 

Therefore 

A=(NXVxXrxExs) +60 
Where N is the speed of the engine, V the total piston 
displacement in cubic feet, e the volumetric efficiency 
of the scavenging pump. On the average E can be as- 
sumed as 0.96. The ratio of the scavenging pump to 
engine displacement, r, can be assumed as 1.35. 

With these relations in mind we can now consider 
the following problems: 

Q. How many pounds of steam at 90 lb. per sq. in. 
pressure (feedwater temperature of 80 deg. F.) can 
be produced by the waste gases of a 5500 br. hp. 
Diesel engine at full load? 

1. According to Curve I, Fig. 2, the exhaust gas 
weight for 5500 br. hp. engine at full load amounts to 
112,000 lb. per hr. Through the point of intersection 
of 5500 br. hp. and 100 per cent load draw a parallel 
to the lines of equal waste gas. weights and also con- 
tinue parallel to the corresponding lines in Curve II. 
2. Through the point of intersection of 90 lb. per 
sq. in. and 80 deg. F. feedwater temperature in Curve 
* JIT, draw a parallel to the lines of equal heat contents 
and continue parallel to the corresponding lines in 
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Curve IV. 3. According to Curve I, the gas tempera- 
ture Ty is 580 deg. F., and according to Curve III the 
steam temperature Ts is 320 deg. F. so the tempera- 
ture decrease is: T==580 — 320 —108 = 152 deg. F. 
4. Through the point of intersection of 152 deg. F. 
and 112,000 lb. waste gas weight from Curve II, draw 
a parallel to the lines of equal heat quantities and con- 
tine parallel to the corresponding lines in Curve IV, 
until it intersects with the line of the heat content of 
the steam from Curve III. The point of intersection 
indicates the quantity of steam produced which is 3500 
lb. per hr. 

Q. How many pounds of hot water of 190 deg. F. 
(feedwater temperature of 80 deg. F.) can be pro- 
duced by the exhaust gases of a 5500 br. hp. Diesel 
engine operating at full load? . 

1. Through the point of intersection of 80 deg. F. 
feedwater temperature and 190 deg. F. hot water 
temperature in Curve V, draw a parallel to the lines 
of equal temperature increase and continue parallel 
to the corresponding lines in Curve VI. 2. The tem- 
perature drop of the waste gases is: T= 580— 190 — 
108 = 282 deg. F., which is higher than advisable due 
to the danger from corrosion. The highest practical 
temperature drop would be only 580— 320 or 260 deg. 
F. 3. Through the point of intersection of 260 deg. F. 
and 112,000 lb. per hr. exhaust gas weight from Curve 
II, draw a parallel to the lines of equal heat quanti- 
ties and continue parallel to the corresponding lines 
of Curve VI, to the intersection with the line of tem- 


. perature increase of the water from Curve V. The 


point of intersection gives the quantity of hot water 
produced, which amounts to 60,000 Ib. per hr. 
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Fig. 2. Two cycle engine chart for the solution of steam and hot water problems 
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Fig. 1. The Carrick overfire-undergrate system of control as applied 


ODERN POWER and steam equipment and re- 

quirements vary so greatly that a variety of 
control equipment is necessary to best meet the engi- 
neering and economic needs of each plant. The boiler 
equipment to be controlled ranges from small and me- 
dium sized heating boilers with ‘‘on.and off’’ stoker 
control through the simpler small and medium sized in- 
dustrial boilers to modern large high pressure indus- 
trial and central station boilers. To meet this condition 
the Carrick Engineering Co. has developed equipment 
which roughly may be grouped into three systems: 
First, for boilers with ‘‘on-and-off’’ stoker control, a 
draft -control consisting of a gasometer which main- 
tains desired furnace draft during both the on 
and off periods and is interlocked with the stoker 
starter to prevent puffs in the furnace when the stoker 
and fan start; second, the overfire-undergrate system 
intended primarily for small and medium sized boilers 
where a rugged, reliable control is desired at low first 
eost; third, the automatic calibrated control* with 
compensation to maintain constant CO, and intended 
for any size or pressure boiler where control of the 
most complete type is desired. The second system is 
described in this article; the other two will be de- 
seribed later in this series of articles. 


OVERFIRE-UNDERGRATE SYSTEM 


The system known as the Carrick overfire-under- 
grate system is shown by Fig. 1 applied to the usual 
type of forced draft stoker fired boiler. It consists 
essentially of a hydraulic type master regulator, actu- 
ated by steam pressure in the main header to control 
the uptake damper, fuel feed and adjust approximately 
the forced draft by means of the fan speed. Final 
adjustment of the forced draft is accomplished by 
means of the furnace draft regulator actuated by fur- 
nace draft. This regulator treats each furnace inde- 


*See Burning Iowa Coal on Underfeed Stokers, Power Plant 
Engineering, September, 1935, page 500. 
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to the usual type of forced draft stoker fired boiler 


pendently, supplying the proper amount of air for 
that particular furnace. It regulates for changes in 
the fuel bed and furnace conditions. 

The Carrick Hydraulic Master Control is shown 
mounted on the rear boiler supporting column. The 
control responds to variations in steam header pres- 
sure and regulates the rate of combustion to hold the 
steam pressure constant. By rigid connections, the 
shaft at the rear of the boiler is caused to move by 
the master control piston. The movement of this shaft 
is transmitted to the several boiler outlet dampers 
and to the Carrick adjustable Flo-Trol valves which 
regulate the stoker speeds and forced draft fan speeds. 
Only one master control is required for several boilers 
connected to the same header. 

Movement of the boiler outlet dampers is adjusted 
so as to produce the change in draft loss or gas flow 
through the boiler required for the range of rating 
which is to be carried on the boiler. This adjustment 
takes care of the air required for combustion. The 
port of the Flo-Trol valve regulating the stoker is ad- 
justed to secure the required change in stoker speed 
to feed the fuel required to correspond with change 
in the gas flow or draft loss referred to above. Simi- 
larly, the port of the valve regulating the forced draft 
fan speed is adjusted to secure a change in volume of 
air, keeping it slightly in excess of that required for 
that particular rate of combustion. 

The Carrick Hydraulic Furnace Regulator, one for 
each boiler, is connected into and regulates the draft 
in the combustion chamber of that boiler. It is ad- 
justed to maintain a constant draft by operating, 
through its hydraulic cylinder, either the blast gate at 
the outlet of the forced draft fan or inlet vanes to 
the fan, if it is so.equipped. Although there is no 
mechanical connection between the boiler outlet 
damper and the furnace draft regulator, nevertheless 
the furnace regulator follows. all movements of the 
boiler outlet damper due to the effect which this move- 
ment has on the combustion chamber draft. 
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The same system 
of control can be 
used on any forced 
draft type stoker. 
The stoker or fan 
speed control valves 
ean be replaced with 
motor speed con- 
trollers or any other 
suitable speed regu- 
lating device as re- 
quired. Fan _ speed 
control is not neces- 
sary but is usually 
economical. Natural 
draft stokers have no 
forced draft fans and 
therefore do not re- 
quire furnace regu- 
lators or fan speed 
control valves: The 
other equipment re- 
mains the same. 

Arrangement of 
the master control is 
shown in greater de- 
tail by Fig. 2 and de- 
tails of the hydraulic 
operating cylinder by 
Fig. 3. The steam 
pressure is balanced 
against a column of 








Fig. 2. (Left) Arrange- 
ment of the mercury res- 
ervoir, float chamber and 
operating cylinder of the 
Carrick Master Control 
Fig. 3. (Right) Details 
of the operating cylinder 
and floating valve gear 
assembly of the Carrick 
Master Controller 








An increase in steam 
pressure causes the float 
to rise and through cable 
1 lift the floating valve 
gear assembly and pilot 
valve 2. This admits oil 
or water under pressure 
to the upper side of pis- 
ton 3 and causes it to 
move downward carrying 
yoke 4 and the end of 
cable 5. As the cable end 
5 drops, weight 6 pulls 
the floating valve gear as- 
sembly down and gradu- 
ally returns pilot valve 2 
to its neutral position to 
lock the piston. If the 
steam pressure drops, the 
pilot valve 2 is lowered 
and the piston moves 
upward carrying with it 
the floating valve gear to 
return the pilot valve to 
its neutral position. 

The purpose of the 
floating valve gear is: 
to cause the 4-way or 
pilot valve stem to be 
pulled upward when the 
mercury column rises, so causing the hydraulic piston to descend 
a distance equal to the rise of the mercury (these distances are 
equal because the hydraulic piston in descending acts to lower 
the 4-way valve stem closing the valve the moment the mercury 
ceases to rise); to close the valve when the mercury column 
ceases to move, thus stopping the piston; to lower the valve stem 
when the mercury column falls, thus causing the hydraulic piston 
to rise a distance equal to the fall of the mercury. In this way 
every movement of the mercury column is transmitted from the 
floating valve gear to the power piston of the hydraulic cylinder 
and to the damper, engine, blower or other mechanism which 
it operates. 

The piston travel is 12 in. and the position which it assumes 
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mercury between the mercury reservoir and the float 
chamber. The float chamber is open to the atmosphere 
and variations in steam pressure cause the mercury level 
to change, carrying with it the float and yoke assembly 
shown at the upper right hand corner of Fig. 2. The 
float yoke is connected by cable with the hydraulic cyl- 
inder assembly as shown in detail by Fig. 3. An in- 
crease in steam pressure will cause the float to rise. This 
will lift the floating valve gear and four-way valve to 
admit oil or water pressure to the top of the operating 
piston and force it downward to close the damper and 
reduce the stoker speed. 

As the piston moves downward carrying with it the 
yoke to which one end of the cable is connected, the 
floating valve gear, under the action of the weight, 
drops and gradually returns the pilot valve to neutral 
position and stops the movement of the operating pis- 
ton. The position of the operating piston, and hence 
the fuel feed and air supply, is proportional to the 
steam pressure variation from normal. The total 
travel of the operating piston is 12 in. and as the ratio 
of movement between the mercury column and power 
piston is normally one to one. The Master regulator 
is sensitive to steam pressure changes of less than one 
ounce. 

FurNAcE REGULATOR 


The Carrick Furnace regulator consists of an in- 
verted bell suspended from a beam and counter-bal- 
anced by an adjustable weight. The bell is sealed in 
oil and a connection is made from the underneath side 
of the bell to the furnace or the pressure which is to 
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is proportional to the change in steam pressure from normal. 
As this pressure change is a measure of the steam flow from the 
boiler, the fuel and air supply are thus proportional to the load 
on the boiler. 

The primary power to operate the control is exerted by the 
mercury column but this power is used merely to operate the 
four-way valve which controls the flow of oil or water to the power 
cylinder. The hydraulic power cylinder produces a force pro- 
portional to, and depending upon, the pressure of the fluid. The 
control mechanism is arranged so that changes in steam pressure 
always opens the four-way valve and movement of the piston 
closes it when the movement caused by the change in steam 
pressure is completed. 
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Fig. 4. Arrangement of the Carrick furnace draft regulator and hydraulic power cylinder 


be regulated. Connected to the beam, on which the 
inverted bell is suspended, is a four-way pilot valve 
controlling a hydraulic pressure to the top or bottom 
of a separately mounted double acting hydraulic pis- 
ton. The hydraulic piston may be connected to 
dampers, governors, valves or other means of con- 
trolling air supply or fan speeds. 

As the pressure varies underneath the inverted bell, 
its balance is disturbed and the four-way valve oper- 
ated by the movement of the beam, admits a pressure 
to the piston and relieves it on the opposite side, caus- 
ing the piston to vary the air supply until the regula- 
tor is restored to its balanced position. When the 
regulator reaches the balanced position, the four-way 
valve closes, shutting off the power to the piston, caus- 
ing it to stand in one position. 

Air above the inverted bell and confined by the 
cover to the gasometer, serves as a dash pot which pre- 
vents too sudden movement of the inverted bell. The 
dash pot effect can be adjusted by the louvres or 
damper shutter provided. 

In the application of a furnace regulator to a boiler, 
the regulator should be placed as close to the furnace 
as possible, so as to keep the length of piping between 
the regulator and the furnace short and in that way, 
prevent lag in transmitting the furnace pressure 
to the regulator, which would reduce its ability to fol- 
low quickly and accurately all pressure changes. In 
most eases, however, the damper, valve or governor 
that is to be regulated is located at a point somewhat 
removed from the boiler furnace itself. 

To meet both of these conditions of service in the 
best possible manner, a separately mounted power unit 
has been provided, as shown by Fig. 4. This may be 
located at the point where the work is to be done and 
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at the same time, allow the regulator itself to be 
mounted right on the side of the furnace wall with a 
minimum length of connection to the furnace. It is 
only necessary to run two \ in. lines from the four- 
way valve to the power unit. The separately mounted 
power unit may be mounted right-side-up, up-side- 
down or in a horizontal position, without affecting its 
operation. As a result of this construction, the me- 
chanical connections between the power unit and the 
device which it may control can be reduced to a mini- 
mum. The hydraulic piston produces power in both 
directions of travel. 

These furnace regulators are regularly furnished 
with hydraulic cylinders 2 in. in dia., which, when 
supplied with 50 lb. pressure, will exert a force of 
approximately 150 lb. 

Both the master control and furnace regulator may 
be adapted to the electric instead of hydraulic drive 
by substituting electrical contacts or mercury switches 
for the four-way pilot valves. In this case compensa- 
tion of the master control is accomplished the same 
way as in the hydraulic type, that is the end of the 
cable is attached to the operating rod and as this rod 
travels it gradually brings the floating valve gear (in 
this case the electrical contacts) back to neutral posi- 
tion. The equipment is also provided with limit 
switches to control the maximum travel and brakes 
to prevent coasting after the control circuits are 
broken. Electrical power units are always equipped 
with control relays so that the regulator contacts han- 
dle only the holding circuit for the relay, a small frac- 
tion of the current requirements of the motors. The 
standard power unit has a 12 in. stroke and is equipped 
with a 14-hp. motor capable of exerting a force of 500 
lb. although larger units may be supplied if desired. 
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Routine Analysis of Boiler Feedwater 
sources 


A Logical Method of Detecting Many Plant Defects 
By S. H. COLEMAN 


S A MEANS of controlling the impurities in boiler 

waters, routine chemical analysis is fast becom- 
ing standard practice wherever steam is generated. 
These analyses, properly applied and intelligently in- 
terpreted, are a necessity if the operating and main- 
tenance troubles caused by improper boiler water con- 
ditioning are to be avoided. 


There is, however, a tendency in all too many cases. 


of confining routine analysis to water samples from 
the boiler alone. While it is true that a fair degree 
of control of the factors influencing scale formation, 
corrosion, embrittlement and excessive concentrations 
of boiler water solids can be thus obtained, complete 
control requires routine analysis of samples taken 
from a number of points in the boiler feedwater sys- 
tem. 

In addition to analysis of the water in the boiler, 
analyses should be made to determine any unusual 
variation in the raw water supply, as a check on the 
efficient operation of water treatment equipment, to 
locate leakage in surface condensers and closed heat- 
ers, for the indication of carryover from the boiler, 
as-a check on possible contamination of condensate re- 
turns from industrial process, and to determine the 
oxygen content of the feedwater. 

Many seemingly unexplainable variations in the 
normal relationship existing between different items in 
results of boiler water samples analyses can be ex- 
plained only by analyses of samples from all parts of 
the feedwater system. The practice in many plants 
of decreasing blowdown losses by carrying high con- 
centrations of solid matter in the boiler water makes 
complete analytic control highly desirable. Any in- 
crease of the impurity content of the feedwater is 
likely to raise these concentrations to the danger point 
in a very short period of time, causing carryover of 
boiler water with the steam. 

Routine analyses of samples from all feedwater 
sources is especially important in the industrial boiler 
plant. Uniformity of boiler water control results are 
at best hard to secure in this type of plant, due to 
the usual condition of widely varying percentages of 
raw water makeup entering the feedwater system. Un- 
less source analyses are the practice, unusual varia- 
tions in the boiler water analyses are often blamed on 
make up water fluctuations rather than on contamina- 
tion of the feedwater from other sources. In many 
eases this results in bad leakage or other conditions be- 
ing left unrectified for considerable time intervals. 


A number of examples illustrating the value of 
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analyzing all feedwater sources for contamination are 
given below. 

Case No. 1. In a large industrial boiler plant routine 
analyses were made of the raw water used as boiler 
feedwater makeup. This water was pumped from a 
small stream. During a drouth period the normal rise 
of dissolved solids shown by the daily analysis was 
marked by a sudden rise of the chloride or salt con- 
tent to a point many times its normal value. Boiler 
water conditions were immediately corrected to guard 
against any trouble from the excess chlorides. A con- 
tinued increase of chlorides, however, necessitated a 
change to a different raw water source. 

Investigation of this unusual condition revealed an 
ice plant a few miles upstream to be using a large 
salt water well as an auxiliary supply of condensing 
water during the drouth period, and allowing the con- 
denser to overflow into the stream. 

Case No. 2. A sample of condensate returned from 
an industrial process had a distinctly cloudy color and 
the characteristic odor of one of the materials used in 
the process. This highly corrosive material was found 
to be entering the return system through a leaking 
steam coil. This coil, drained by a vacuum system, was 
immersed in the process material. During certain parts 
of the operating cycle there was no steam pressure on 
the coil. During these periods the differential pres- 
sure developed by the vacuum return system caused a 
flow of the process material through the defective coil 
into the return system. 

Case No. 3. Routine analysis of the condensate re- 
turned from a chemical process indicated a complete 
loss of the slight alkalinity usually present. A condi- 
tion similar to Case No. 2 was uncovered, by which 
large quantities of a concentrated organic acid were 
entering the feedwater system. 

Case No. 4. To maintain economically A.S.M.E. 
Boiler Code recommendations for the prevention of 
embrittlement, one large plant found it necessary to 
secure the desired sulphate-carbonate ratio by internal 
treatment of the boiler water. Routine analysis showed 
a sudden decrease in the hardness of the raw water 
supply and a sharp increase in the total alkalinity of 
the boiler water. Upon checking, an open bypass 
valve between a zeolite softened process water line and 
the raw water makeup line was discovered. 

These and innumerable other cases emphasize the 
necessity of routine analysis of water samples from all 
parts of the feedwater system where there is any like- 
lihood of variation or possibility of external contami- 
nation. 
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New Braceless All-Welded Tubular Boiler 
Proves Strength in ‘Test 


By G. W. PLINKE 


Research Engineer, Henry Vogt Machine Co., 
Louisville, Ky. 


EARS AGO, HORIZONTAL return tubular boilers, 

were developed and served their purpose in an ad- 
mirable manner in thousands of steam power plants 
throughout the country. They were manufactured in 
large quantities, being fabricated in a very orthodox 
and conventional manner, with few changes or improve- 
ments in the decades of their use. Purchasers accepted 
them as they were, turned them over to their engineers 
and left them with the task of care and operation. 

Thorough cleaning of the boilers was frequently 
neglected because of the difficulties encountered in re- 
moving adherent seale and dirt from around the di- 
agonal braces and through rods. As seale would col- 
lect at these neglected points, leaks would often develop 
at the riveted connections, causing much trouble and 
inconvenience. 

Often the center girth seams in these riveted tubular 
boilers were a source of worry, due to double thick- 
nesses of metal. Leaks would occur at rivets which 
were in the hottest zone of the combustion chamber. 
Girth seam protectors were provided to partially elim- 
inate this condition, but at best, it was not a complete 
remedy. 

With the development of fusion welding for boilers 
and pressure vessels, the many advantages obtained by 
this new method of fabrication were recognized by the 
insurance companies and the trade. As a consequence, 
both water tube and fire tube boilers of welded con- 
struction met with immediate success. 

However, with the welded tubular boiler, the ques- 
tion of diagonal braces and through rods, with their 
inherent ‘evils, still remained a problem. Its solution 
lay in an idea of our engineers to develop heads which 
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would meet all requirements of the insurance compa- 
nies and the A.S.M.E. Boiler Code and also eliminate 
the objectional diagonal braces and through rods. 

With the conception of the idea, plans were drawn, 
formers cast, and a semi-dished type head was pressed 
into shape, having a flat area for the tube space, with 
dished sections at all unsupported points. Using these 
newly designed semi-dished heads, an all welded hori- 
zontal return tubular boiler was fabricated in strict 
accordance with the fusion welded requirements as set 
forth by the Boiler Code Committee of the American 
Society of Mechanical Engineers. All welded seams 
were X-rayed, the radiographs approved, and the com- 
pleted vessel stress relieved. 

The boiler was then ready for a conclusive test to 
determine the maximum allowable working pressure, 
and ascertain the weakest part on the new type semi- 
dished heads. In conducting this test, the instructions 
as outlined by the A.S.M.E. Power Boiler Code under 
‘‘standard practice for making hydrostatic tests on 
a boiler pressure part to determine the maximum allow- 
able working pressure’’ were carried out in detail, 
paragraphs A-22 to A-30 inclusive. 

Both heads were lightly coated with a thin mixture 
of plaster of Paris and water and allowed to dry thor- 
oughly before starting the test. This was done in order 
to detect the development of strain lines at critical 
points. ‘ 

Two test pressure gages were used for indicating 
the pressure, one being a standard dial indicating gage 
and the other a recording gage, both of which had been 
previously checked with a standard dead weight test 
gage for accuracy. -As it is necessary to test only the 
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Fig. 1. Boiler set up with indicator dials in place 
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weakest point of the structure or part under test, and 
since it was not possible to determine beforehand where 
the weakest section would be, indicator dials were set 
at a number of likely places and provision made to 
take strain gage readings at numerous points on the 
head. 

Since both heads of the boiler were identical, with 
the exception that the front head was equipped with 
a manhole, which naturally strengthened the head at 
that point, reading of gages and strain indicators were 
made only on the rear head. -— 

A structural frame was built entirely independent 
of the boiler for attachment of all indicator dials, as 
shown in Fig. 1. Indicator dials were located at points 
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Fig. 2. Location of strain gages and indicator dials 
on head and side ‘of the boiler 


on the head where greatest stress would logically occur. 
Numerous positions were chosen for the placing of 
strain gage points, both for the 8 in. gage length and 
the 2 in. gage length. These points were center punched 
on the head for the ‘‘Berry strain gage’’ readings. As 
a check against the strain gage readings on the head, 
several positions were chosen on the shell, Fig. 2 shows 
location of indicator dials and points for strain gage 
readings. 

Readings of all indicator gages and strain gages were 
taken at zero pressure. The pressure was then raised 
to 175 Ib. per sq. in. gage and readings taken. Appli- 
cations of pressure were then made in successively equal 
increments of 17.5 Ib. per sq. in. pressure increases until 
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Fig. 3. Representative curves showing definite strains 
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the final pressure of 350 lb. per sq. in. was reached. 
Between each increment, the pressure was released and 
zero readings were taken at each point, and checked 
for permanent deformation. 

Definite strains were in evidence from 175 lb. per 
sq. in pressure and up to 350 lb. per sq. in. as brought 
out by readings of the indicators and strain gages and 
this is clearly shown by some of the plotted curves in 
Fig. 3. No strain lines were noticed on the plaster of 
Paris coating on either head during the entire test. 

The greatest distortion took place at points A, B 
and F on the heads as shown by indicator gages. At 
points B and F there was some slight permanent dis- 
tortion as the zero pressure readings indicate. 

Upon completion of the test, the boiler was then 
given the standard A.S.M.E. hydrostatic and hammer 
test as prescribed by the Code. 

The proportional limit can be located on the curve 
of total deformation as the point at which the total 
deformation ceases to be directly proportional to the 
hydrostatic pressure. By drawing a straight line that 
will pass through the average of the points that lie 
approximately in a straight line, the proportional limit 
ean be determined at the value of hydrostatic pres- 
sure where the average curve through the points devi- 
ates from this straight line. 

A number of the curves do not indicate any pro- 
portional limit. Strains at these points were not severe. 
However, the proportional limit is clearly defined on 
many of the curves at points on the head which were 
under greatest strain. ; 

Space does not permit the showing of all the curves 
plotted at the numerous points where strain readings 
were taken, but the most representative curves have 
been selected to show the location of severe strains. 

This test was witnessed in its entirety by a repre- 
sentative of one of the most prominent steam boiler in- 
surance companies. 

Results of this test prove that this new type brace- 
less horizontal tubular boiler with semi-dished heads is 
entirely safe for high pressures in power plants. Its 
many desirable features should make this boiler popular 
among engineers who have long desired a design that 
would eliminate some of the inherent difficulties of the 
old conventional tubular boiler. Being of welded con- 
struction throughout, and with no center girth seams, 
difficulties arising from leaks at seams due to riveting, 
are entirely eliminated. 

Since all braces have been removed, and the inside 
of the shell is free from all obstructions, this type of 
tubular boiler can be very easily cleaned, and a clean 
boiler seldom, if ever, will develop a bag in the plate. 

There is little doubt but that the ‘‘old timers’’ will 
sit up and take notice of this new braceless all-welded 
horizontal return tubular boiler, and wish that such 
had been available years ago, when they were strug- 
gling with boiler plant difficulties. 


On SepreMBER 16 the first section of the Metal Prod- 
ucts Exhibit opened its doors to visitors in the Interna- 
tional Building, Rockefeller Center, New York. This 
permanent exhibition, which is under the direction of 
Metal Products Exhibits, Inc., is designed to provide a 


‘comprehensive review of metallic and plastic materials 


and parts as used by industry. 
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The 165,000 Kw. Tandem Turbine at 
Richmond Station 


(Continued from page 557) 


larger in the inverse ratio of the areas against which 
these pressures act. \ 

These larger operating fluid pressure changes oper- 
ate relays on the valve operating mechanisms, which, 
in turn, control the operating fluid into the main cylin- 
der of the operating mechanisms and thus control the 
opening or closing of the valves. 

The pressure transformer also separates the oil 
from the non-inflammable operating fluid. These two 
fluids enter separate chambers and are. hermetically 
sealed from each other by a sylphon bellows, thus 
avoiding contamination of both fluids. 

Glands of the combination labyrinth and water seal 
type seal the ends of the cylinder against leakage. The 
gland case at the high pressure end of the high pres- 
sure element is bolted to the bearing pedestal, in order 
to avoid distortion between the gland case, which is 
kept cool by the circulation of gland water, and the 
hot cylinder wall. 


SUPERVISORY INSTRUMENTS 


Remote-reading electrical instruments indicate and 
record important aspects of the turbine operation dur- 
ing the starting period. These readings include the 
shaft truth at the gland spaces at the high pressure 
end of the high pressure element and the generator end 
of the low pressure element, the vibration in the verti- 
cal and transverse directions at the high pressure and 
exciter ends of the unit, and the extension of the thrust 
bearing pedestal. A noise-recording device with pick- 
ups at the four turbine glands amplifies the noise in- 
side the turbine and enables the operator to distinguish 
unusual sounds such as blade rubs. 

The use of these instruments enables the operator 
to determine immediately the important aspects of 
the operation of the unit and, in this way, either to 
reduce the time and cost of starting the unit or, what 
is more important, to avoid bringing the turbine to 
speed before it is in the proper condition to do so. 

A more detailed description of these electrical in- 
struments is contained in an article written by Mr. 
Steen-Johnson in the July, 1935, issue of Power Plant 
Engineering, entitled ‘‘Supervisory Instruments for 
Steam Turbines.”’ 

The motor-driven turning gear rotates the rotors 
at 1.3 r.p.m., the speed reduction being accomplished 
by a V-belt drive followed by a train of spur gears. 
The use of a motor-driven oil pump to supply lubrica- 
tion to the main bearings and to the turning gear ob- 
viates the necessity of supplying steam to the unit dur- 
ing the rolling period. 

Preliminary operation of this unit indicates that 
the care taken in the design and construction of the 
turbine has produced a turbine remarkably free from 
vibration, and one which gives promise of being effi- 
cient and reliable. 


TRANSPARENT ‘‘cellophane’’ adhesive tape which re- 
quires no moistening has been patented. It adheres 
instantly to any clean, dry surface.—Chemical Digest. 
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Advantages of 
Central Pneumatic 
Pumping Plants 


By PAUL D. CORNELIUS, Sullivan Machinery Co. 


NEUMATIC pumping is a method of moving sucker 

rod pumps and the complete system consists of a 
single stage air compressor with its driving unit, pipe 
lines for conducting the compressed fluid to and from 
the well, preheaters at the wells, and control valves 
for maintaining the proper operating pressures. 

One or more wells may be operated from a single 
compressor, group of compressors or high pressure gas 
. wells. Where gas-lift plants are already installed it is 
often only necessary to lay return lines from the wells 
to the plant and install control valves. Figure 1 shows 
a compressor equipped with a two purpose single stage 
cylinder in which the head end performs the function 
of circulating the air in the system boosting from the 
down stroke pressure to the up stroke pressure re- 
quired for the pneumatic cylinder operation. The 
crank end of this same cylinder, also single-stage, 
compresses from atmosphere directly into the intake 
of the circulating end the necessary quantity of make- 
up needed to replenish that lost from the system by 
leakage. 

The discharge from the compressor (P,) at the 
required pressure is conducted by pipe lines to the 
well or wells in the system where it passes through the 
preheater (H) raising the temperature and increasing 
the volume before entering the pumping cylinder (W). 
Control Valve (R,) maintains the supply line pressure 
at the proper value by passing into the return system 
any excess quantity over that required for operation 
of the cylinders. This valve is normally closed as the 
required volume is closely regulated by a combination 
of clearance and engine speed. Control valve (R,) 
performs a similar duty in maintaining the return 
line pressure by relieving any excess supplied by the 
make-up cylinder. This valve is also normally closed 
by regulation of the make-up quantity. A range of 
from 2 to 26 strokes per minute, equivalent in a capac- 
ity from a minimum of 8 per cent to a maximum of 100 
per cent is available by adjusting the throttle valves 
at the intake and exhaust of the cylinder. Rarely will 
the well fluid requirements on a given lease have a 
wider variation than possible with this range of speed. 
In operating at the lower speeds below 10 s.p.m. 
the up stroke is maintained at a higher velocity to 
prevent plunger slippage and the additional time in- 
terval for the lower frequency of cycle is accomplished 
by a slower down stroke. As for example a speed of 
5 s.p.m. requires 12 sec. for a complete cycle. By ad- 
justment of the control valves, the up stroke is 
made in 2 sec., or at the rate of 15 s.p.m. and the 
down stroke in the remaining 10 sec. at the rate of 
3 s.:p.m. Field tests have shown that pumping effi- 


*From a paper presented before the Oil and Gas Power Section 
Meeting of the A.S.M.E. 
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ciency can be maintained at the slower speeds by this 
method where cup or plunger slippage exists as is 
usually the case. 


VALUE OF PREHEATING 


Preheating is accomplished through the medium of 
any number of types of gas fired preheaters, or by 
means of exhaust gas from engines where used to 
drive the compressor. The value of preheating as ap- 
plied to pneumatic pumping cylinders cannot be over 
estimated when it is realized that the volume handled 
through the compressor and the capacity can be cut 
in half by raising the temperature at the pump head 
inlet from 60 to 580 deg. F. Temperatures up to 800 
deg. F. have been maintained in the field tests al- 
though general practice is to limit these values be- 
tween 300 and 450 deg. F. 
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Schematic drawing showing the arrangement of a pneumatic 
pumping plant 


The application of the pneumatic pumping head to 
producing wells provides certain inherent features of 
particular importance in reducing operating expense. 
Its extreme flexibility permits operating at the correct 
speed for maximum economy and provides ability to 
meet changing well conditions with power require- 
ments proportional to the duty. The minimum of orig- 
inal investment is required by virtue of the ease with 
which capacity can be changed. Compressor, load is 
determined by totals of all wells in the system and is 
not affected by individual well change. Salvage value 
of the equipment is high as from 50 to 80 per cent 
consists of compressor, pipe and fittings which have 
wide application in the industry. The pumping head 
is long lived and is applicable to a wide range of well 
conditions. 2 


MopERN INDUsTRY utilizes not only high tempera- 
tures and pressures, but also extremely low ones. 
This is especially true of the petroleum industry, where 
the de-waxing process for refining oil takes place 
at temperatures of 75 degrees below zero. Since ordi- 
nary steel is affected by what is known as ‘‘low tem- 
perature embrittlement’’ and loses its toughness, a 
nickel-alloy steel containing 214 per cent nickel is used 
for the pressure vessels in which the de-waxing is 
carried out. 
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Efficiency: Formula 
for Worm Gears 


PINIONS concerning the efficiency of worm reduc- 

tion gears vary widely, although the quietness, 
simplicity and reliability of such gears are generally 
recognized. This fact led engineers of the De Laval 
Steam Turbine Co., Trenton, N. J., who had occasion 
to test the efficiency of two gears of this type, to verify 
a simple formula for the efficiency of such gears. The 
two gears, with a ratio of transmission of 6 3/5, were 
identical in construction, having what is known as D 
Frames, with the worm at the bottom. The worm 
shafts were supported in ball bearings, while the wheel 
shafts were supported in sleeve bearings. The worms 
were of hardened steel and ground, and the rubbing 
surfaces were lubricated by the splash system. 

The two gears were coupled together, one as a 
step-down gear and the other as a speed-up gear. A 
calibrated motor was coupled through the gears to 
drive a similar calibrated motor used as a generator, 
and the efficiency of the gears determined by measur- 
ing the electrical power input and output. 

First the combination was run at full load for 8 hr. 
until the oil in the gear casings had assumed a con- 
stant temperature, upon which the following data were 
secured. 


Speed of motor and of generator...... 1240 r.p.m. 
Speed of wheel shafts................ 188 r.p.m. 
De ee ee er 44.472 kw. 
ig: A ee ee 87.5 per cent 
Power input to No. 1 gear............ 52.1 hp. 
Electrical output of generator........ 31.02 kw. 
Efficiency of generator............... 87.0 per cent 
Power output from No. 2 gear........ 47.7 hp. 
Temperature in No. 1 gear........... 190° F. 
Temperature in No. 2 gear......... er a A 

Room temperature ........ 5.00000 57° F. 


Obviously, the combined efficiency of the two gears 
in tandem is 47.7 divided by 52.1, or 91.54 per cent. 
The power losses in the individual gears appear as 
heat. The losses were distributed between the two 
gears in the same proportion as the temperature rises, 
which were 133 deg. F. for gear No. 1, and 103 deg. F. 
for gear No. 2, the smaller loss in gear No. 2 being 
attributable to the fact that it had been run previously, 
while gear No. 1 was then being run for the first time. 

Representing the efficiency of gear No. 1 by x and 
that of gear No. 2 by y, we then have 


52.1 (1—x) 133 


52.1(1—y) 108 


also 52.1 x y = 47.7, from which x = 95.3 per cent and 
y = 96.13 per cent. 

To verify these results, the test was repeated with 
the power applied in the reverse direction, the effi- 
ciency x for gear No. 1 thus found being 95.8 per cent, 
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while y for gear No. 2 was 96.7 per cent. Both gears 
showed improved efficiencies in the second test, as both 
had then been run more and the worms consequently 
had seated more perfectly in the bearing surfaces of 
the worm wheels. These tests, therefore, confirm the 
commonly accepted belief that worm gears improve 
materially in efficiency during the’ ‘‘running in’’ 
process. 

For estimating the percentage efficiency of a worm 
gear a commonly used empirical rule is to subtract 
one-half of the ratio from 100. Thus, 


6% 
100 — —— = 96.7 
2 


which is an excellent approximation in the present 
ease. A more rational formula for efficiency with the 
worm driving is 

tan. L 





Efficiency = 
tan. (L plus 1) 


and with the wheel driving— 


tan. (L —1) 
Efficiency = —————_—_ 
tan. L 


L being the helix angle and 1 the angle of friction, 
equal to the angle whose tangent is the coefficient of 
friction. 

From data presented in a paper by Dr. H. E. Mer- 
ritt, of England, for the rubbing speed of these gears 
the coefficient of friction is found to be 0.0197. Apply- 
ing this value for gear No. 2 with the worm driving, 
as in the second test, the efficiency by formula comes 
out as 96.57 per cent, which is sufficiently close to the 
value 96.7 calculated from the test results. It is to be 
expected that gear No. 1 will approximate the same 
value after more extended running. 


IN EXCAVATION and foundation work of all 
types, ground water, sand and gravel cause consider- 
able difficulty. In the past excavation work has been 
facilitated by freezing the adjacent areas to form a 
caisson of frozen ground and under favorable cireum- 
stances liquid cement can be injected under pressure 
to harden and serve the same purpose. 

Another method developed about 1926 and which 
has had considerable use in Europe is known as the 
Joosten chemical solidification process. This process 
employs injectors and pumps by means of which two 
chemical solutions are forced into the surrounding 
soil. The first solution is silicic acid which does not 
form a chemical combination with particles of soil but 
after driving off the ground water merely envelopes 
them in a thin film of the solution. On following up 
with the injection of the second liquid, a salt solution, 
reaction takes place forming a colloidal silicic acid gel, 
causing the various particles to bind firmly together. 

In sandy soil this gives a structure similar in com- 
position to medium hard sand stone. This process, 
however, cannot be used in soils containing a consid- 
erable proportion of clay. In addition to foundation 
work the process has been used with considerable suc- 
cess in stopping cracks in concrete work. 
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Adapting the Plant # Gas 
for Standby Fuel 





National Cash Register Co. Makes Minor 
Changes in Pulverized Fuel Firing Equipment 
to Use Gas as Standby. By Fred M. Reiter, The 
Dayton Power & Light Co., Dayton, O. 





OWER UNITS of the National Cash Register Co. 

are located in the heart of the factory. The boiler 
section was modernized some years ago and the new 
boilers have 7350 sq. ft. heating surface each with an 
output of 300 per cent of rated capacity of steam at 
400 lb. ga. pressure and 700 deg. F. steam tempera- 
ture. The boilers are equipped with water walls and 
unit-type pulverized-coal firing systems. Individual in- 
strument boards are set up with recorders for steam 
flow, steam pressure and temperature, CO,, and flue 
gas temperature while indicators give drafts at vari- 
ous positions in the boiler. 

Shortage of steam might result in shut-down of 
the factory services as no outside interconnection is 
available. For this reason it became advisable to con- 
sider protection against any type of failure. To pro- 
vide for an emergency a fuel supply must be available 
that can instantly be turned into the boilers without 
delay, without the manipulation of equipment or trans- 
portation of the fuel to the combustion zone. Since 
failure might render electrical equipment inoperative, 
the standby fuel must feed by virtue of its own pres- 
sure, without the assistance of power-driven pumps, or 
prime movers. Furthermore, the standby fuel must 
burn at high efficiency and rating with natural draft. 
Simplicity was also essential in changing from coal to 
the standby fuel, and vice versa, but the major require- 
ment was safety. 

Natural gas supplied by the local utility was 
adopted as the fuel for this purpose. The application 
of gas firing to these boilers with water walls that 
permitted only limited surfaces for burner insertion, 
and where the constant exposure of these surfaces and 
burners to the high temperatures and slagging action 
of the pulverized coal firing was a problem, since the 
gas burners must be available for use without delay. 

The solution was surprisingly simple. The 14-in. 
flare type pulverized-coal burner formed an ideal gas 
burner. The design of this burner with its dispersing 
vanes, as illustrated, gave a turbulence that produced 
ideal gas and air mixing under natural draft condi- 
tions. In order to obtain sufficient air in the primary 
mixture, medium-pressure gas injection was adopted. 

A simple 6-in. injector was made up of standard 
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Fig. 1. General arrangement of gas attachment to pulverized 
coal burner 


pipe and brazed to the 14-in. cast iron elbow of the 
pulverized coal inlet main, so as to give straight line 
flow from the mixer outlet into the coal burner. This 
injector was an enlarged inspirator with primary air 
shutters that were adjustable. The gas orifice was 
114-in. in diameter, utilizing gas under pressures up 
to 5 lb. gage for primary air entrainment. Secondary 
air was supplied at the burners through the air louvres 
at the bottom of the wind box. A 6-in. gate valve was 
placed in the injector between the orifice and the coal 
inlet main which must be closed when the coal is fed 
to prevent the coal dust from blowing into the boiler 
room through the open air shutters. This valve is 
only opened when gas is fired. 

The gas piping consists of a 6-in. overhead medium 
pressure main with a 3-in. outlet to each boiler. The 
supply lines to the gas orifices are 3-in. A 10-in. orifice 
plate meter with recorder measures the gas consumed 
and the gas pressures maintained. A 6-in. regulator 
set for 5 lb. gage maintains constant gas pressures, 
while a mercury U-tube indicates the actual pressures 
carried on the gas orifice. 

Figure 1 shows the general arrangement of the gas 
connection to the pulverized coal system, as well as 
the firing section of the boiler and instrument board. 
This and the other photographs were taken during 
normal operation. The boiler room is as clean as shown 
at all times. It is almost unbelievable that the boiler 
room of a large factory could win the plant prize for 
cleanliness for a year, but such was the case at the 
National Cash Register Co. 

The arrangement of the burner and gas attachment 
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Fig. 2. Phanton view of burner. A, coal or gas inlet. D, turbu- 
lence vanes for fuel. B, fuel flaring vanes. K, air rotating vanes. 
M, gas pilot connection. F, adjustment rod for flame flare 


is shown by Fig. 1, while Fig. 2 shows a phantom view 
of the burner proper. A permanently located pilot runs 
through the center of the burner and utilizes gas for 
lighting the pulverized coal or gas. With natural draft 
the proper turbulence for the quantity of gas needed, 
requires some adjustment of the vanes and depth of the 
burner mechanism, but the flare-type burners lend 
themselves to this simple adjustment. If this adjust- 
ment were not made the natural draft flames would be 
too long and tend to impinge upon the water wall 
tubes. The character of the flame, in its length, flare, 
and direction, have a wide range of setting, so that 
perfect control is readily applied. Some additional 
primary air is obtained through the 14 in. pulverized 
coal piping after the coal has been shut off, through 





Fig. 3. Arrangement of combustion side of burner, showing flaring 
vanes and brick work 
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the coal blowers which would not be operating; but 
suction is produced by the injective force of the gas- 
air primary mixture expanding into the Y-connection 
to the burner. No ignition troubles, boiler vibration, 
lack of flame sustenance, etc., were encountered. 

Sudden need for the use of gas requires that the 
change to gas and back to coal again be made with- 
out a change in the steam flow or pressure chart rec- 
ords. Such conditions have been maintained without 
difficulty. Change to gas means merely the shutting 
off of the pulverizer, opening the 6 in. inspirator valve 
and the secondary air louvres; and turning on the 
gas—a matter of seconds. To resume coal firing this 
process is reversed. Both coal and gas have been fired 
simultaneously as occasions have arisen, so that the 
shutting off of the coal has not even been necessary. 
The inspirating effect of the medium pressure gas pre- 
vents the backing of gas into the coal mains or of the 
coal getting into the gas injector. 

A preliminary test operation on the first boiler in- 
stallation gave the following results, as taken from 
the boiler instruments, and not as an actual boiler 
test: Steam flow, 47,000 lb. per hr.; boiler rating, 225 
per cent; steam pressure, 400 lb. ga.; gas flow, 51,000 
cu. ft. per hr.; gas pressure, 4 lb. ga.; furnace draft, 
0.15 in. water; COz, 10.5 per cent. No occasion has 
transpired to run a complete boiler test on the gas 
firing; and the operating runs have been too short to 
take continued readings for figures that might be com- 
parable to the continued pulverized coal operation. 


Concrete Troubles 


CAN YOU IMAGINE a welding generator in the role of 
a trouble-shooter, a clogged-pipe sleuth, if you please? 
It has happened. 

In pouring concrete some conduits had become 
plugged with cement. No one knew exactly where the 
pipes ran in the floors and walls. The problem was to 
locate them without digging up unnecessary parts of 
the flooring. By connecting the electrodes from the 
welding set to the ends of the pipes and using an ordi- 
nary compass, it was possible to draw a chalk line 
directly over the pipe in trouble. Then a fish tape was 
used to measure the distance from the ends to the 
plugged portion making it possible to break out the 
concrete directly at the point of obstruction. In spite 
of the fact that the pipes were 14 inches below the 
surface half an inch or less deviation from the direct 
line could be detected by the compass needle. (Elec- 
tric Journal.) 


ENGINEERS’ Counci for Professional Development 
has announced a procedure for accrediting engineering 
schools to board of examiners for licensing engineers, 
starting with colleges in New England and Middle At- 
lantie states. Visits will be made to the engineering 
colleges, starting in the fall, to consider curricula, equip- 
ment and teaching staff. No hard and fast rules for 
standards are established but procedure will be worked 
out as experience dictates. 


Liguw hydrogen is so light that a gallon of it weighs 
only a little over 14 lb. Mercury, on the other hand, is 
so heavy that it takes a strong man to carry a gallon, 
which weighs over 113 lbs, 
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Burning of Boiler Tubes 


AN INTERESTING and unusual difficulty recently de- 
veloped in the boiler plant of a southern textile mill. 
This plant operates its own power station, steam being 
generated by cross-drum water tube boilers. 

Feedwater conditions were such that very little 
scale or corrosion were present in any part of the 
boiler. Also, the feedwater system was well protected 
from any possibility of oil returning to the boilers. 
Each time the boilers were out of service, they were 
given careful attention for any indication of trouble. 

In spite of these precautions, it was noticed one 
day that water was leaking down the front of the 
bridge wall. A close examination showed that there 
was a Shelf-like construction at the top of the bridge 
wall by the front baffle. This shelf was about an inch 







SLAG POCKET 
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TO REMOVE SHELF 
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Location of bag caused by slag pocket 


or two below the bottom row of tubes. The space 
here, marked ‘‘X’’ in the sketch, had for some time 
been filled with ash and slag. When this slag was dug 
out, it was found that a number of tubes in the bottom 
row had bagged and bulged at this point. It was 
fortunate that this was discovered before more serious 
trouble than tube renewals had to be contended with. 
Naturally it was desired to determine the cause of 
this so as to prevent such an occurrence in the future. 

After a study of the installation it was decided that 
the trouble occurred when the boiler was shut down 
for week ends. The practice had been to blow the 
boiler empty for refilling after the fire had been out 
long enough to give indication that the brickwork 
was sufficiently cool to prevent damage from over- 
heating. It seems, however, that the slag deposit on 
top of the bridgewall was solid enough to retain high 
temperatures long after the furnace had cooled down. 
When the boiler was blown empty, the hot slag caused 
localized overheating on the bottom row of tubes. Con- 
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tinued overheating had gradually weakened the metal 
enough to cause the bagging. 

To prevent trouble from this source in the future, 
the bridge wall was tapered (as shown by the dotted 
line) to do away with this slag pocket. 


Charlotte, N. C. H. STEVENS. 


Placing the Motor 


Motors ARE USED almost universally in driving 
machinery of all kinds, yet one can go into almost 
any manufacturing plant and pick out a number of 
places where the motor installation could be improved. 
Some of these improvements could be made at little cost 
while others would mean a complete change in the lay- 
out. Every motor installation, to give the best possible 
service, should have the following features: (1) A solid 
foundation, (2) Perfect alignment, (3) Clean and cool 
surroundings, and (4) Convenience for service yet out 
of the way. 

One of the most important features of a good motor 
installation is the foundation. Very often, especially 
where a motor is used to replace some other type of 
prime mover, no special foundation is used. A couple 
of timbers are placed on the old foundation and the 
motor held down with lag screws. While this method 
of mounting will hold the motor for awhile it -is: far 
from being an ideal foundation. The use of timbers for 
mounting machinery and motors is still staunchly up- 
held by many of the old school but this method has sev- 
eral faults. While it makes it easy to line up, it is almost 
impossible to keep the motor in line, especially on heavy 
loads which vary to a considerable extent. Timbers be- 
come oil soaked in time, and aside from the fire hazard, 
the bolts and lag screws will loosen up. After a certain 
amount of tightening they become permanently loose. 
With a concrete base of ample size a motor can be 
mounted so that there is no possibility of shifting, no 
loosening up of bolts, no fire hazard, and a good deal 
less vibration. A form can be made for the hold-down 
bolts and the concrete poured around them. A tin pipe 
about twice the diameter of the bolt placed around the 
bolt for a few inches near the top will allow enough play 
so that alignment can be obtained even though the forms 
are moved slightly during the pouring. After the con- 
crete has set the motor is placed on the base and leveled 
with iron wedges and placed in line. The bolts should 
then be tightened and a thin mixture of half sand and 
half cement (grout) run in under the base and in the 
pipes surrounding the bolts. This method holds the 
motor correctly in place. Brick may also be used for 
foundations when the work is carefully done and a good 
cement mortar used. Small reinforcing rods may be 
placed between the joints. The bolts and base should 
be grouted in, and all joints made solid. 

Perfect alignment is very necessary in all motor in- 
stallations. This is especially true where chain or 
V-belt drives are used. Also a belt will give much bet- 
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ter service when the motor and the driven pulley are 
accurately in line. With a good strong foundation and 
a motor accurately lined up there need be no trouble 
from poor alignment. It takes a little more time and 
skill to line up machinery perfectly but the extra time 
and trouble are well worth while. If there is any possi- 
bility of shifting the alignment should be checked at 
regular intervals. 
Sayerville, N. J. 


Two Million Dollar Power Plant 


THE BIG THING in this country at this time seems 
to be power plants. If it is not Boulder Dam or the 
Tennessee project the press seems to think it is unim- 
portant. 

Nevertheless, the little town of Kirk, South Dakota, 
a state which has been forgotten since Calvin Coolidge’s 
vacations there, is still upon the map. There has been 
completed, this August, one of the finest plants in the 
middle-west at this small town. The building of this 
vast plant was begun August 4, 1934, and completed in 
exactly one year. The Homestake Mining Co., claims 
a record for erecting a plan of this size in the extraordi- 
nary short space of time of one year. 

Belle Fourche, a near-by town, was called upon to 
furnish the brick for the construction of these buildings 
which were divided into three main units, including a 
boiler room 64 by 121 ft., a switch room with a basement 
and main floor 51 by 121 ft. 

The five thousand kilowatt generator unit has been 
installed and is ready for use. A second turbine of the 
same capacity and type is being moved into the plant. 

This plant will be able to generate one kilowatt with 
2-1/5 lb. of coal under full load conditions. About 140 t. 
of South Dakota lignite will be required daily when the 
plant is running full capacity. The capacity of the coal 
bunkers is approximately 1400 t. which will run the 
plant for ten days. 

The Homestake Mining Co. furnishes employment to 
a large number of men in South Dakota and is one of 
the oldest mining companies in the west. 

Lake City, Minn. CHARLES McCropen. 


K. B. HuMPHREY 


Misalinement Causes Turbine 
Vibration 


A TURBINE manufactured and erected in 1912 
started to vibrate seriously when on load. It was 
therefore opened up. The first row of blades on the 
first wheel were turned back a little at the center, but 
this damage was not thought to have been recent nor 
the cause of the vibration. The bottom first stage 
nozzle was also found to be wasted. The rotor was 
removed and tested for balance; this was found to 
be correct to high degree. The critical speed of the 
turbine .shaft was originally 30 per cent above the 
working speed, and it was thought possible that this 
eritical speed may have been reduced and brought 
near to the working range of speeds by misalinement. 
A piece of 16 gage piano wire was stretched tightly 
through the bearings by means of strong backs and 
a tightening screw. When micrometer readings were 
taken between the wire and the bearings considerable 
misalinement was found to exist. The bearings were 
remetalled, machined and adjusted so as to give a 
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true alinement The turbine rotor was then replaced 
and when the set was started up there was found to 
be no vibration. . 

This clearly showed that the vibration was due to 
misalinement. How this misalinement developed is 
not clear but it was thought to be partly due to wear 
and partly to the effect of changing temperaures. 
Kent, England. W. E. Warner. 


A Word About Turbine Packing 


IT HARDLY seems possible that packing on the shaft 
of a steam turbine generator set could almost throw the 
unit from its base, yet this thing did actuaily happen. 

The type of unit so affected was of rigid frame con- 
struction with a balancing strip under the generator 
as shown in Fig. 1 at ‘‘A’’. ‘‘B”’ indicates the location 
of the packing that caused the distress. A soft metal- 
lie packing had been in use for several months but 
was leaking so badly that new packing was installed. 
This new packing was of a tougher material, a form _ 
of bronze apparently—to judge by the color—well on 
the copper side. 

Five units were running in parallel, on a factory 
load, and everything was O.K. until shortly after noon. 
At noon the factory recessed for lunch and 70 per cent 
of the load was dropped. The unit in question oper- 
ated on a greatly reduced load for about 15 min., then 
a violent vibration was set up and the generator was 
nearly thrown from its bedplate. 

Turbine and switchboard operators were near the 
unit at the time and they acted in unison to trip both 
the turbine and generator. 


OLD DOWEL HOLES SAW TOOTH PACKING 











Turbine generator set showing locations of troublesome 
packing and balancing strip 
Fig. 2. Packing case and detail of packing ring 


Fig. 1. 


The balancing strip (A) Fig. 1, sheared its holding 
bolt and started to creep from its position. 

After a careful investigation, we agreed that the 
new packing was to blame for the trouble. The pack- 
ing case (Fig. 2) was never in the correct position 
concerning concentricity with the shaft. A thickness 
gage showed the packing to be open on one side 
several thousandths of an inch and to be tight on 
the opposite side. The original softer packing had 
quickly worn the saw tooth edges and adjusted itself 
but the hard bronze packing, when the load went off 
failed to get any steam for lubricating or cooling, 
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overheated the shaft and whipped the generator vio- 
lently. 

It was necessary to re-aline the packing case which 
meant new dowel holes as shown in Fig. 2. 

The enjoyable (if one dares call it that) part of the 
performance was the fact that the spindle and gener- 
ator shaft were not sprung a particle but we do not 
allow bronze packing in any of our units now! 

Our experience, I feel sure, should not condemn the 
tougher packing as it is used with success in many 
large plants. 


N. Y. City. C. W. PEreErs. 


Belt Flopping Over on Pulleys 


It Is SOMETIMES THE CASE that one goes into a plant 
and finds one or more belts running with a half-over 
twist. That is, on one pulley the belt will be running 
with its face to the pulley face, while on the other 
pulley it will be running with its rougher side to the 
_ face of the pulley. There are two different causes for 
this. In the one case, the belt may have been so 
mounted on the pulleys deliberately, in order to com- 
pensate for being stretched on one edge more than on 
the other. This happens chiefly with a belt that has 
been used in the past on a quarter-turn drive, and run- 
ning it with a half-over twist will help to correct it, 
as well as to make it run satisfactorily even while it is 
still longer on one edge. 

In another case, however, belts are running with a 
half-over twist when they should not be so run. This 
happens as a result of careless shifting of the belt, 
where it runs part time on a loose and part time on a 
tight pulley, and is shiftable from one to the other. 
Really, the cause of the twist is too rapid shifting, and 
this occurs in some places where the operator is in a 
hurry to stop a machine or group of machines at quit- 
ting time. Giving the shifter a sudden push, the belt 
is unable to move over to the loose pulley as fast as 
the one edge of it is forced by the shifter. In conse- 
quence, it flops over or turns wrong side out upon one 
of the pulleys adjacent to the shifter. Once turned, it 
naturally continues to run with the half-over twist 
until it is taken from the pulleys, straightened out and 
re-mounted on the drive. 


Peoria, Ill. JoHN E. Hyer. 


Efficient Operating of Refrigerating 
Plants 


Ick FACTORY operators or operators of other kinds 
of refrigerating plants which are not using properly 
placed thermometers and gages in their plants are 
not obtaining the maximum capacity and the mini- 
mum power cost. There is little expense attached to 
such valuable articles when put into service. Threaded 
mercury wells for thermometers can be purchased and 
screwed into the pipe, or home-made wells can be 
made by closing one end of 3-in. nipples by welding 
them. This nipple can be welded in the pipe line 
where needed or threaded and screwed in. The stand- 
ard stem glass thermometer can be used in these wells. 

Thermometers should be tested often for accuracy. 
This is impossible where the thermometers used have 
fixed thread connections, unless the thermometer is 
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removed, which would necessitate the shutting down 
of some apparatus. When conditions like this exist 
taercury wells should be installed when possible. When 
thermometers are installed that have separate sockets 
for well connections the accuracy of the thermometer 
ean be tested by the use of test thermometers in its 
place. . 

All refrigeration plants should have thermometers 
in service near the suction outlet from each unit of 
evaporating coils, in the suction and discharge near 
the compressor and in the main liquid line leaving the 
condensers. Thermometers should be used in the water 
lines to and from the condensers. These thermometers 
used in connection with the high pressure gage and 
the thermometers in the liquid line from the condenser 
will make it easy to determine any irregular condi- 
tion existing in that particular unit. 

Many refrigerating plants in operation could be 
operated at a greater capacity and smaller power cost 
by preventing superheated gas or wet gas from enter- 
ing into the compressor cylinder. This can be pre- 
vented only by checking the temperature of the suc- 
tion gas leaving each unit of the evaporating coils. 
Another big factor in reducing the power cost is to 
keep the condensers free from foul gas and air. 

Keeping a refrigerating plant in economical opera- 
tion is easily accomplished by the use of standard 
thermometers, a few mercury wells, an accurate test 
gage and an understanding of the ammonia tables. 
Memphis, Tenn. J. W. Dickson. 


Impure Air Causes Bad Commutation 


Morors operating in atmospheres containing corro- 
sive vapors usually give commutator or slip ring trouble. 
Whether trouble is experienced or not depends on the 
corrosiveness of the atmosphere and how the motor is 
ventilated. The corrosiveness of the atmosphere may 
not be sufficiently bad to warrant the use of totally en- 
closed ventilated motors. These vapors may cause com- 
mutating troubles if only present in very small quan- 
tities. Blackening of the commutator may occur. Some 
vapors cause a skin to form on the copper surface result- 
ing in overheating and brush sparking. 

If the air contains a small percentage of chlorine a 
skin of copper chloride will form on the commutator 
or slip ring causing severe sparking. With direct cur- 
rent machines there is a possibility of electrolytic action. 
If it is not possible to have a special enclosure for the 
motor, exira attention must be paid to the cleanliness 
of the commutator and brushes. geri 

For these machines, abrasive brushes should be used, 
as they will to a great extent clean the commutator 
and prevent any skin forming. The commutator should 
be sanded daily. The sanding should be done just as 
the motor is started, not just before shutting down, 
as a large share of any deposit forms while the machine 
is standing. Then apply some paraffin wax to the com- 
mutator. This will form a thin film on the surface and 
to a great extent protect the copper from the atmos- 
phere. Paraffin wax should also be applied just before 
shutting down. The brushes and grooves between the 
segments, if the mica is undercut, should be cleaned 
weekly, the brush holders being cleaned internally, as 
deposits may have collected causing the brush to stick. 
Kent, England. W. E. Warner. 
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Uses and Abuses of the Suggestion 
Box 

WHEN rightly used the suggestion box is a potent 
factor for good. Having observed it in operation 
in several countries and various companies I feel these 
remarks are timely. Most writers who deal with this 
subject are on the management side of the fence or else 
write from a theoretical standpoint. I, to be colloquial, 
am a putter-in and not a taker-out. 

In theory, the idea of management and labor getting 
together to aid in the problems of their business is 
splendid but, unfortunately, it does not always work 
out so well in practice. Without making this article 
at all political or economic anyone who really under- 
stands will agree that there is a great natural antip- 
athy between capital and labor. This is solely due to 
a mutual lack of understanding in most cases. 

This is an unhappy situation because, if we come 
down to basic facts, their interests are identical. 
Faults there are on both sides but managers must be 
blamed principally because most of them have had the 
advantage of advanced education and are more 
capable of studying the matter and arriving at the 
right conclusion. Labor, and by labor I mean the 
genuine workers and not the vociferous minority whose 
actions alienate sympathy, is naturally inarticulate and 
cannot put its ideas into words. The worker fears 
that any time or labor-saving suggestion will be fol- 
lowed by lay-offs. Sad to confess, he is often right. 
Actually, if his suggestion is good and carried out by 
an honest company that will pass on the resulting 
saving, increased business will result as any diminu- 
tion of cost, however slight, will result in a larger 
number of consumers of the product. 

When a suggestion is made by a worker the usual 
procedure these days is to have it passed upon by his 
immediate superior. Often his judgment determines 
whether or not it goes any farther. Many of these 
higher ups are swayed by a short-sighted jealousy and 
fear for their own jobs if one of their men shows 
unusual ability. Their decision is often adverse. 

Twenty-five years ago this antagonism was not so 
apparent. It is the amalgamation of private companies 
into large corporations that has caused it to grow. 
Before, a more personal feeling prevailed and the 
employer, on his daily walks through the plant, got 
to know each and every man individually. 

Naturally, when a man had a suggestion to make 
he did so and the owner could form a quick estimate 
of its value from his own personal knowledge of the 
man. Further inquiries could then be made. 

Today, this contact is lost in many cases and a sug- 
gestion is passed upon by men who, usually, have no 
personal knowledge of the giver. It is necessary, 
therefore, to seek information from his immediate 
superior and he, as stated before, unless honest and 
conscientious, is prone to give it lukewarm praise if 
it threatens his own position. 

Strange to say, many employers are averse to 
adopting suggestions made to them. I cannot under- 
stand this attitude but it is prevalent as is indicated 
by two instances in my own experience. 

During my apprenticeship in the shops, one of the 
men had a brainwave which would materially simplify 
one of the machines we manufactured. He was a plain 
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fellow and, the next time the owner met him, he men- 
tioned his idea. There was no thought of disloyalty 
in his mind about not taking it to the foreman first. 
We all looked upon the owner as a friend and spoke 
of him as such. The boss said he would think about 
it and, sure enough, a week or so later the man was 
asked to come to the office. The owner had decided to 
adopt and patent the idea and he asked whether the 
man would trust the company to do right by him or 
whether he preferred to get a lawyer. The man had 
worked for this employer all his life and had seen him 
almost every day so, naturally, he trusted him. The 
owner told him he had decided to give him his weekly 
salary as a pension for life. If he cared to keep on 
working he would receive another salary over and 
above it. I think the reader will agree that he got a 
very fair deal. 

Now I will give the other side of the picture. Some 
years ago I was working for a large concern that had 
two boilers for heating and process steam in addition 
to the main power which was purchased. The day 
load on the boilers was fairly high but, after 5 p. m. 
it was customary to let the pressure drop as the only 
steam needed was for heating. A day fireman was 
kept in addition té three watch engineers. The set up 
looked ideal for an oil fuel installation instead of the 
hand fired coal system used. The engineer figured 
that the saving would pay off the initial cost in less 
than 2 yr. and the fireman could be taken off the job 
and used for repair work around the plant. With a 
simple oil fuel installation the engineer could easily 
look after the boiler as well as the engine room and 
the 24-hr. firing costs would be much lighter than 
with coal. 


For some years, this engineer had been using oil 
fuel and had a good idea as to costs. He went into 
the expense of conversion here and got fairly com- 
plete figures. He requested an old friend, a marine 
chief, to make independent estimates and the figures 
tallied very closely. It began to look good. He got 
two separate oil burner companies to submit estimates 
on initial cost and subsequent operating costs. Their 
figures were close to previous calculations even allow- 
ing for the natural bias in favor of new business. 


It seemed sure that the initial cost would be repaid 
in 18 months with the economies gained. Subsequent 
profits would be clear. He spoke to the local-manager, 
who was not particularly enthusiastic but readily gave 
the engineer permission to approach the home office, 
which was done. They sent for him to interview the 
president. He went, on his own time and at his own 
expense. The president, who had made the appoint- 
ment was away. He saw his secretary, who asked the 
engineer to tell him the story. He did so and placed 
the four sets of data before him. He promised to look 
into them, thanked the engineer and the interview 
was closed. 

A few days later the engineer was again asked to 
come to the home office. This time he was told that 
they could not take up the matter as costs would be 
too great. About two months later the engineer was 
let out due to slackness of trade. This was quite in 
order as he was junior man and the lay-offs at this 
period were the usual policy. Some months after, how- 
ever, he was in the district and dropped in to see old 
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colleagues. Imagine his surprise to see, in the boiler 
room, the very installation he had advocated and 
which they had turned down before. 

Can the reader wonder why some people are not 
on good terms with the suggestion box? 
Passaic, N. J. Mark BELL. 


I-Beams in the Power Plant 


THIS CHART answers questions which have been 
asked by many a power plant engineer. No compu- 
tations are necessary. The chart tells how much any 
ordinary I-beam will hold under the very worst con- 
dition, with the load concentrated in the middle of 
the span as shown by the sketch on the chart. The 
chart is based on concentrated loading for the sake 
of safety. 

Let us suppose that a weight of 4000 lb. must be 
supported in your power plant. A 7-in. I-beam, weigh- 
ing 240 lb. is available. It is 12 ft. long, and therefore 
weighs 20 lb. per ft. The minimum distance between 
supports that can be obtained for the lifting operation 
is 10 ft. Is the I-beam strong enough to lift the 4000-lb. 
load? 

The dotted lines drawn across the chart show how 
the problem is solved. Run a straight line through the 
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Graph for solving I-beam problems 
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10-ft. (column A) and the 20-Ib. column (column B), 
and locate the intersection in column C. Then, from 
that intersection in column C, run over to the 7-in. 
(column E). The intersection through column D 
shows that the I-beam will support 7000 lb. Since the 
load to be lifted is only 4000 lb., the beam is amply 
strong. In fact, the reader can easily find, by apply- 
ing the chart, that a 4-in. I-beam, all other conditions 
being the same, would safely support the load of 
4000 lb. 

Similarly, it is easy to ascertain the maximum al- 
lowable span when the factors in column B, D and E 
are known. Or, the necessary weight per foot of 
I-beam may be determined when the factors in col- 
umns A, D and E are known. Lastly, the depth of 
beam is determinable when the factors in columns A, 
B and D are known. 

For loads that are ‘‘uniformly distributed’’—not 
concentrated—the safe loads in column D may be mul- 
tiplied by two. Thus, the above described beam will 
support a uniformly distributed load of 14,000 lb., or 
1400 lb. per running foot. 


Newark, N. J. W. F. ScHapnHorst. 


Compressor Overload 


Q. In our plant we have a 7 by 7 in. double acting 
ammonia compressor running at 350 r.p.m. After cir- 
culating ammonia through the system for some time 
the back pressure drops from 15 to 1 lb. Is this con- 
dition liable to damage the equipment? Would open- 
ing the expansion valve wider help? 

G. S. 

A. It is impossible definitely to answer these ques- 
tions without knowing further details of the system. 
The first impression leads us to believe that the ma- 
chine operates at 1 lb. suction and the evaporating 
coils or cooling load at 15 lb. This would indicate a 
14 lb. drop through the piping which would be ex- 
tremely inefficient. Most pipe lines are more liberally 
designed, however, and it is not likely that this inter- 
pretation is correct. 

Probably the real interpretation of the question, is 
that the load drops so that the compressor which nor- 
mally operates at 15 lb. suction finally drops to 1 lb. 
This, of course, would cause no damage provided it 
was not a brine system which would be apt to freeze 
up with ammonia around minus 25 deg. F. A com- 
pressor which proves over-sized for a load is bound 
to pump down in pressure sometimes. The compressor 
does not run as efficiently under these conditions as it 
might if the load was constant but no damage would 
result unless it would be the freezing condition men- 
tioned above. 

It is not advisable to open the expansion valve 
wider to increase the back pressure as this might re- 
sult in slop-over to the machine since the coils might 
be fully flooded from the reduced capacity which re- 
sulted in low suction pressure. Normally there is no 
possibility of overload since the compressor requires 
less power at 1 than at 15 lb. suction pressure. 

Answered by W. R. Kitzmiller, Engineering Divi- 
sion, Ice & Refg. Machy. Dept., Frick Co., Waynes- 
boro, Pa. 
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New Equipment 


Nalco Colorimetric 
Testing Kits 


For THE ACCURATE control of 
boiler water treatment the colori- 
metric method of testing for silica, 
phosphate, oxygen and pH has 
many advantages and is now made 
more convenient by testing kits 
which have been designed and re- 
cently put on the market by the 
National Aluminate Corp., 6216 W. 
66th Place, Chicago, Ill. The test 
is conducted by adding certain 
chemicals to water to be tested. 
For each impurity a different 
chemical is required and the color 





developed in the solution is charac- 
teristic of the impurity while the 
shade of the color is an indication 
of the degree of concentration 
which may be determined by com- 
parison to a color standard sup- 
plied with the kit. 

Two kits are available, one for 
oxygen or pH, illustrated here, and 
another for silica and phosphate. 
The solutions are contained in 
small pipette stoppered bottles. 
The solutions needed are measured 
by these pipettes. These kits fit 
into a standard case 5%4 in. high, 
414 in. wide and 7% in. long with 
handle on top. 


Differential Pressure 
Recorder 


A NEW TYPE of recorder has 
been developed by the Bacharach 
Industrial Instrument Co. for meas- 
uring rapidly fluctuating differen- 
tial pressures, such as on either side 
of the piston of reciprocating oil 
pumps. 
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Much like an engine indicator, 
the recorder has a cylinder with a 
helical spring opposing the piston 
movement, and a recording drum, 
the latter being rotated by some 
part of the mechanism under test 
so that the pressure is recorded as 
a function of a certain reference 
motion, or by a spring-wound clock 
to record the pressures as a function 
of time. Cylinder spaces above and 
below the piston are brought into 

















communication with the two re- 
spective measuring points by plug 
cocks. 

The spring is calibrated so that 
its load-deflection rate is propor- 
tional to the difference in pressure 
above and below the piston, hence 
the movement of the piston is a 
direct measure of the difference be- 
tween unit pressures. The instru- 
ment is arranged so that the user 
ean place the zero at any point 
desired on the scale. 


Bow! Mill Embodies New 
Features 


A RADICAL DEPARTURE FROM Con- 
ventional types of pulverizers is 
represented by the Raymond Bowl 
Mill just announced by Combustion 
Engineering Company, Inc., New 
York. Its design makes for low 
friction losses, hence low power 
consumption, quiet running, and 
low maintenance, because of no 
metal-to-metal contact between the 
bowl and the rolls. Adjustment 
may be made from the outside 
while the mill is running. These 
two last mentioned points make for 
high availability. The speed is con- 
stant with the output controlled by 
varying the rate of feed and the 
mill power is almost directly pro- 
portional to the load. The mill is 


adapted both to direct firing and 
to storage systems. 

For coal grinding and firing, the 
Bowl Mill is equipped with an air 
separator and automatic feeder, 
both mounted.on the top plate. The 





exhaust fan ig driven from an ex- 
tension of the horizontal main 
shaft, so that one motor drives the 
fan and the mill. Hot air may be 
passed into the grinding chamber 
when necessary for drying the coal. 


Automatic Pipe-Cutting 
Torch 


Oster-WituiaAmMs No. 212 ma- 
chine for cutting pipe intersections 
automatically. performs a _ task 
which heretofore could only be 
done by skilled hand labor. This 
new cutting machine, developed 
by Oster-Williams, 2057 E. 61st 
Place, Cleveland, O., duplicates in 
design any pattern which is re- 
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quired to do practically any kind 
of pipe welding job without using 
any cams, templates or special 
fixtures, and the finished surface 
has the appearance of a lathe 
tool cut. 

The cutting torch is accurately 
guided by an ingenious mechanism 
which practically duplicates the 
motion of a torch held in the oper- 
ator’s hand. It will cut any size of 
pipe from 21% to 12 in., making full 
size tees or reducing tees 90 deg., 
branch reducing tees 45 deg. to 90 
deg., elbow, miters, Y’s and blunt 
bull plugs, as well as hole cutting. 


New Hancock Globe 
Valve 


THE Hancock VALVE Division 
of the Consolidated Ashcroft Han- 
cock Co., Bridgeport, Conn., has 
developed a new union bonnet 
bronze globe valve which has a 
number of advanced features which 
it is claimed greatly increase its 
wearing qualities. Among these are 
superhard stainless steel valve 
discs and seat rings, (hardened to 
500 Brinell), which are said to pre- 





vent wire drawing, steam cutting 
and galling. 

Special types of bronze have 
been developed for the valve stem 
and bonnet. The dise is attached 
to the stem in a new way that in- 
sures correct seating and facili- 
tates regrinding. A distinctive de- 
sign provides tight back-seating 
and permits easy repacking while 
the valve is in pressure service. 
Made for steam pressures up to 300 
lb., these new bronze valves are 
available in both globe and angle 
patterns. 
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Tongue Type Group 
Operated Switches 


Tue Deuta-Star Evectric Com- 
PANY, Chicago, Illinois, have devel- 
oped a line of group operated 3-pole 
indoor disconnecting switches with 
tongue type contacts, double blades 
and an operating mechanism which 
ean be locked in either open or 
closed position. 





In the Type ‘‘3CJH-34’’ 7.5 
Kv., 400-amp. switch shown here, 
the top insulator is of the back con- 
nected bushing type; the lower, 
front connected. Straight, front or 
back connected or various combina- 
tions can be furnished. 


New Rural Line Trans- 
formers 


ALLIS-CHALMERS HAS DEVELOPED 
a new line of distribution trans- 
formers intended particularly for 
low cost rural extensions. The units 





being designed for 4-wire systems 
with solidly grounded neutrals are 
provided with one bushing through 
the cover and include codrdinating 
gap and simplified hanging arrange- 
ment. 

They are available in the follow- 
ing ratings: 1 kv-a. and 3 kv-a. in 
the following voltage classes: 2400 
v., 4800 v., 7200 v. and 7620 v. The 
secondaries are adaptable for 
2-wire 120 v.; or 3-wire, 120/240 v. 
service. 


New Multi-Point Contact 
Knife Blade Switches 


ScHweEiTzer & ConraD, INc., of 
Chicago, have developed a new line 
of multi-point contact disconnecting 
switches, one of which is shown in 
the accompanying _ illustration. 
Solid contacts are replaced by series 
of wire contact fingers, hard drawn 
copper wires swedged into a ter- 
minal block. Each contact wife has 
a rolled silver insert which makes 





silver-to-silver contact with an. in- 
laid silver ribbon in the switch 
blade. A high percentage of actual 
contact surface is obtained—and be- 
cause of the uniform pressure, op- 
eration is said to be surprisingly 
easy even on high ampere ratings. 
Because there is less friction to over- 
come between blade and contact 
original ease of operation is -re- 
tained. The double blade used is 
wide which with the ventilation 
provided for around the contact and 
hinge end of the switch assure an 
unusually cool operation and low 
temperature rise. 





DrIesEL ENGINE units are now 
available in small power, 5 and 10 
hp., in 4-stroke cycle, cold starting, 
solid injection type. They are one 
cylinder, with nickel irons used for 
vital parts such as cylinders and 
heads, and are stated to show fuel 
consumption of 1% pint per horse- 
power-hour. 
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Improved Drive for 
Control Pyrometer 


The Foxboro Co., Foxboro, Mass., 
for installations where potentiom- 
eter control pyrometers are to be 


used singly. This drive, designated 
as Type H, comprises a ball bearing, 
enclosed motor and a double worm 
and gear speed reducing system 
packed in lubricant. 

In addition to its availability for 
single-controller installations this 
drive is amply powerful to operate 
one additional controller, through a 
coupling between the controllers. 


New Brown Air Oper- 
ated Controllers 


THe Brown InstrumMENtT Co. 
announces, on its 75th anniversary, 
a new and complete line of record- 
ing and indicating air operated con- 
trollers for temperature, flow, pres- 
sure and liquid level. 


The most outstanding of these is 
the Brown Air-o-Line, a controller 
with 1 to 150 per cent throttling 
range and automatic reset. This 
control system recognizes and cor- 
rects for the magnitude, rate and 
direction of departure from the con- 
trol point. These instruments are 
eapable of full automatic control 
and will maintain a process at the 
control point within extremely close 
limits. 

Radically new is the simplicity 
of the means provided in the Air-o- 
Line for tuning in the controller to 
the specific process characteristics 
without interruption to automatic 
eontrol. Throttling range and au- 
tomatic reset dials are instantly ad- 
justable with a screwdriver, with- 
out removing the chart plate. 

Indicating and recording ther- 
mometer-type temperature control- 
lers are available for temperatures 
within limits of —40 deg. F. and 
+1200 deg. F. Potentiometer-type 
controllers are available for tem- 
peratures within limits of —300 deg. 
F. and +3400 deg. F. 


Two types of flow controllers 
and liquid level controllers are also 
offered ; the inductance bridge type 
and the mechanical type. Thus, for 
the first time, the remote operating 
characteristics of the electric flow 
meter and the flexibility of air oper- 
ated control are combined in one 
controller. Indicating and record- 
ing pressure controllers are avail- 
able in ranges from 30 in. vacuum 
to 300 lb. per sq. in. pressure. ~ 

In addition to the Air-o-Line, 
three other types of Brown air oper- 
ated controllers are included in the 
new line. These are, the Brown 
Full Throttler, a controller with 1 to 
150 per cent throttling range and 
manual reset; the Brown Throttler, 
a controller with 1 to 10 per cent 
throttling range and manual reset; 
and the Brown On-Off Controller, 
a controller for two-position service. 


Tejax Valve Position 
Indicator 


By vusE of the new Tejax Valve 
Position Indicator, manufactured by 
Tefft-Jackson, Incorporated, Provi- 
dence, R. I. the exact amount of the 
valve opening is shown at a glance. 
Indicators may be attached to any 
valve now in use by simply replac- 
ing the handle on small valves, and 
attaching to the handle of large 
valves. 


This device makes it easy to re- 
open or crack the valve time after 
time to exactly the same position. 
The turns and hundredths of turns 
open register with almost microm- 


eter accuracy on the clock-like 
dial, by the usual turn of the hand. 
After the shut position or zero has 
once been adjusted, any wear of the 
valve seat will be indicated on the 
dial as the main hand will go past 
the shut position. 


Tejax indicators have a cast rim 
or handle, and glass covered black 
and white porcelain enameled bold 
face dial in drawn steel case. They 
work satisfactorily between the an- 
gles of 45 deg. above to 45 deg. below 
horizontal. They find their greatest 
use where it is desired to regulate 
the flow of liquids as on pumps and 
condensers, in dye houses and in 
process work—or wherever it is im- 
portant to be able accurately to 
open and reopen a valve to exactly 
the same place every time. 


Times-Un1on Bupe., Rochester, 
N. Y., is to be completely air con- 
ditioned, with cooled, dehumidified 
and cleaned air in summer and with 
heated, filtered, humidified and re- 
circulated air in winter. The build- 
ing which houses the Times-Union, 
the Democrat and Chronicle and 
the headquarters offices for a chain 
of 19 papers, requires circulation 
of 45,000 cu. ft. of air a min., 20,000 
eu. ft. being taken from outdoors. 
Cooling plant will have a capacity 
of 110 t. of ice in 24 hr. and will 
consist of five 20-hp. and one 5-hp. 
compressors. Installation of Gen- 
eral Electric air conditioning equip- 
ment is being made by The Quinby 
Air Conditioning Corp., of Roch- 
ester. 
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Automatic Adjustable 
Orifice 


AN ADJUSTABLE ORIFICE which 
automatically shifts its position in 
accordance with major changes in 
rate of flow, is a new development 
of Bailey Meter Co., Cleveland, Ohio. 
This device, when installed in a 
pipe line and connected to a stand- 
ard recording and integrating Fluid 
Meter, greatly widens the flow range 
which may be accurately covered 
by the meter. The orifice is similar 
in appearance to a hydraulically op- 
erated gate valve, but has a sharp 
edged orifice segment, cofficients for 
which have been accurately deter- 
mined. 

Movable stops limit the stroke of 
the hydraulic piston so that the ori- 
fice segment rests in either one of 
two definite positions. The piston 
which positions the orifice is actu- 
ated by a solenoid operated valve, 





which in turn is commanded by 
contacts made in the recording 
meter. Through the solenoid valve, 
hydraulic pressure is admitted to 
either end of the cylinder and the 
other end is opened to drain. When 
the differential pressure across the 
adjustable orifice reaches a prede- 
termined minimum or maximum, a 
contactor within the meter casing 
energizes the solenoid valve, auto- 
matically changing the orifice open- 
ing to correspond with a new capac- 
ity. 

Simultaneously with this change, 
the integrator drive is shifted to a 
second Warren motor so it contin- 
ues to accurately measure the total 
flow regardless of the orifice posi- 
tion. In addition to changing the 
orifice position and integrator speed, 
the contactor also energizes a small 
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solenoid which operates an auxiliary 
recording pen to show the proper 
multiplying factor to be applied to 
the corresponding flow record on 
the chart. 


Under an increasing flow condi- 
tion, the orifice shifts position at a 
higher rate of flow than it does un- 
der a decreasing flow condition. This 
overlap prevents constant shifting 
when conditions are such that the 
flow holds closely to the changeover 
point. 


Centrifugal Pumps 


Mutti-Stace Pumps, the new 
type MM, developed by Allis-Chalm- 
ers Mfg. Co., Milwaukee, Wis., for 
heads from 400 to 1600 ft. and ea- 
pacities up to 400 g.p.m., is designed 
along the general lines of the Allis- 
Chalmers Type M pump. These 
pumps are horizontal shaft, split 
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casing, double suction, bronze fitted 
and each stage of the casing has a 
spiral volute and between stages the 
liquid flows from one volute into a 
long diffusion nozzle and then into 
a long sweep return bend to the in- 
let passages of the following stage. 
They are particularly suited for 
boiler feed and other high head 
pumping service. 


Ideal Tel-Temp 


SMALL industrial ther- 
mometer, called the Ideal Tel- 
Temp, can be attached easily 
and quickly to motors, generators 
and other machines, and indicates 
operating temperatures at a glance. 
It has been developed by the Ideal 
Commutator Dresser Co., Syca- 
more, Ill., along approved bi-metal- 
lic principles and consists of a dial 
plate mounted in a dustproof alumi- 
num case, protected by a non- 
breakable crystal and chromium 
plated cap. The dial gives tem- 
perature readings from 0 to 100 
deg. C. and the scale has a back- 
ground of green, orange and red 
for indicating safe, caution and 
danger zones. The base has a 
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threaded stud that screws into the 
case, and is attached to the machine 
frame with escutcheon pins. The 
case has a flexible rubber ring that 


fits tightly against the machine, 
keeping draughts and outside tem- 
perature fluctuations from effecting 
the true temperature of the ma- 
chine being tested. 

It is especially adapted for use 
on the smaller units such as a.c. 
and d.c. motors, generators, bear- 
ings, bus bars, water jacketed ma- 
chines, air compressors, condensate 
pumps and other devices not pro- 
vided with a heat-indicator. 


A New Contact-making 
Voltmeter 


A NEW CONTACT-MAKING VOLT- 
METER for feeder voltage regulat- 
ors, designated as the Type TSB-20, 
embodying a number of refinements 
and improvements, is now available 
from the General Electric Co. The 
features of this new device are such 


that it responds more closely to 
system voltage requirements and 
eliminates needless operations, con- 
sequently increasing the life of 
both itself. and the regulator and 
reducing time and expense of main- 
tenance. 
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New Low Pressure 
Rotameter 


THE NEw tubular case Rotame- 
ter recently placed on the market 
by Schutte and Koerting Co. of 
Philadelphia is the same in prin- 
ciple as previous models of this in- 
strument but involves differences 
in construction which permits low- 
er costs and is simpler to install. 
It makes use of the same tapered 
pyrex glass tube and a free-floating 
tap-shaped rotor used in previous 
models but the design is different 
in that an ordinary steel tube 
slotted at one side has been used 
as the supporting member instead 
of the four steel posts attached to 
flanges on each of the two end fit- 
tings as was previously used. This 
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instrument is designed to fill the 
need for a simple, inexpensive unit 
suitable for measuring low-pres- 
sure liquids and gases. 

The tapered glass metering tube 
is set into two short fittings, which 
are mounted in a support case con- 
sisting of a steel tube threaded at 
each end and slotted in front for 
observation of the tube and rotor. 
The stuffing box seat is a steel ring 
force-fitted or welded into the steel 
ease. The end fittings confine the 
packing rings and the stuffing box 
cannot be tightened or repacked 
without disassembling the Rota- 
meter. The Tubular Case Rotame- 
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ter is therefore suitable only for 
low pressure service, and where the 
packing will not be attacked by 
the fluid metered. 


Vari-Pitch Texrope 
Sheave © 


A NEW DEVELOPMENT in power 
transmission known as the Vari- 
Pitch Texrope sheave is announced 
by Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis. 

By means of a simple adjust- 
ment which takes but a few mo- 





ments, the pitch diameter of this 
sheave can be changed so as to 
give variations in speed as high 


‘as 15 to 25 per cent per sheave. 


If both sheaves of a drive are of 
this new type, the range of vari- 
ations can be doubled. 

The new Vari-Pitch sheave 
drive, which uses texrope belts, 
will find useful application to a 
wide variety of industries having 
variable speed requirements. It 
permits higher or lower speed oper- 
ation according to the respective 
product range requirements of the 
driven machine. 


Indicator Tattelites 


Inpicator TattTeniTes (‘‘They 
Tell the Tale’’) are a line of tiny 
neon pilot lights operating on 
standard commercial voltages (90- 
250) a.c. or d.c. They tell when the 








motor, heater, electric clock, radio, 
or toaster is operating, either di- 
rectly or in remote control circuits. 
Conversely they can be made to in- 
dicate open circuits or switches, 
blown fuses, etc. The current con- 
sumed is about 1/1000 amp., mak- 
ing it a cent-a-month lamp. They 
are not affected by vibration. The 
life is 3000 hr. 

They are manufactured 
by Littelfuse Labs., 4507 Ravens- 
wood Ave., Chicago. 


Therm-O-Tile Steam 
Conduit 


ILLusTRATIONS herewith show 
the unique method used by H. W. 
Porter & Co., Newark, N. J., for 
making the tile arches used in 
Therm-O-Tile underground steam 
conduit systems. The arch tiles 
are cast and furnished to the cus- 
tomer in round cylindrical sections 
as shown at the left. Each cylin- 
drical tile is scored longitudinally 
as shown to permit splitting into 








halves. Each half is then installed 
on base blocks, as shown, produc- 
ing a simple and remarkably strong 
load carrying assembly when 
mounted on the monolithic con- 
erete foundation slab which is a 
part of the system. 

In addition, one end of the arch 
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tile is scored circumferentially to 
produce a mitred end with an un- 
glazed surface for strong and leak- 
less mortar joining, the longitu- 
dinal air channels providing a key 
for the mortar. This design elimi- 
nates the necessity. of bell joints, 
producing smooth exterior and in- 
terior surfaces, a smooth exterior 
surface being particularly desirable 
in many instances. 


Power Units 


PorTABLE UNIT here shown is one 
of several for a public utility for 
indoor and outdoor service. These 
sets are gasoline powered with 
mounted exciter and have a rated 
capacity of 35 kw. for 240 v., 
3-phase, 60-cycle current. Switch- 
board includes voltmeter, ammeter, 
frequency meter, ‘field rheostats, 
field discharge switch, meter switch, 





and main line fused switch. The 
engine muffler, of the Maxim silenc- 
er type, can be detached for remote 
mounting. 


These units which were built by 
the Harnischfeger Corp., are now 
being used to supply electrical en- 
ergy to several outlying communi- 
ties of medium population where 
the installation of standby units 
were not justified. » 





' 


REcENT application of oxy- 
acetylene welding is for the hard- 
facing of steam valves with Haynes 
Stellite. The material is flowed onto 
the surfaces of gate valve discs, the 
result being that life of seats and 
dises is increased 6 to 10 times. 





FarMineaton (Mo.) Milling Co. 
has installed an 80-hp. Cooper-Bes- 
semer natural-gas engine, 300 r.p. 
m., 2-cylinder, 4-stroke cycle, ver- 
tical type to drive its flour and 
stock food mill. 
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Electric Heater 


ELECTROMODE Unit Heaters are 
marketed by Electric Air Heater 
Co., Mishawaka, Ind., in three 
standard types, and in a variety of 
sizes.. The cast-in heating unit con- 
sists of a helicoil sheath wire re- 
sistance element with aluminum fin 
type grid from which heat is ear- 
ried by forced air circulation. 
Large heating surface permits oper- 


i 
i 
‘ 
i 
: 





ation at low temperature, the maxi- 
mum being 250 deg. F. The three 
types are, the portable which can 
be carried about and plugged into a 
wall socket, the built-in wall type 
for mounting in the wall in homes 
and offices, and the industrial type 
for suspending from eeilings or 
wall brackets. The last is semi- 
portable for various locations in 
industrial plants. 


Air-Conditioning Unit 


For OPERATION without use of 
special power lines, water supply 
or drain piping, General Electric 
Co. is offering a summer air-condi- 
tioning unit for rooms. It operates 
from ordinary a.c. circuit, 110-v., 
its 4 motors starting in staggered 
sequence, so that no heavy inrush 
current is drawn from the line. 
Air-cooling avoids the need for 
water connections and drains, any 
water condensing on the cooling 
coils being carried away outside by 
the condenser cooling air. 

Parts of this FC-2 unit are: 
Three sealed refrigerating com- 
pressors and coil as used in G.E. 
household refrigerators, mounted 
in the lower part of the cabinet; 
fans, filters, control switches and 
window duct connection in the 
upper part of the cabinet. One 
motor drives two'sets of fans; the 
first. to recireulate. air from the 
room and bring in outside air, to 





be passed through filters and over 
cooling coils; the second to pass 
outside air through filters then 
over the condenser and drip pans 
and discharge it outside. 

Housed in an attractive cabi- 
net, the unit circulates 275 cu. ft. 
per min., its refrigerating capacity 
being equal to nearly 1% t. of ice 
in 24 hr. Control is manual but all 
controls are interlocked to prevent 
incorrect operation. . 


New Phase-Rotation 
Indicator 


A NEW TYPE OF phase-rotation 
indicator, in which the outstanding 
innovation is the complete lack of 
moving parts, has been announced 
by the General Electric. Company. 
Weighing only twelve ounces and 
having over-all dimensions of 51%4 
by 314 by 3 inches, it can be carried 





around easily. This instrument will 
be found very useful in three-phase 
testing and installation work, such 
as the testing and installation of 
three-phase meters and motors. 
The new phase-rotation indi- 

eator employs two neon glow lamps 
and a simple circuit which requires 
no adjustment. Suitable terminals 
are provided for connection to 
110-, 220-, or 440-v. circuits. 

Operation is simple and sure. 
Pressing a centrally located button 
lights both of the glow lamps. The 
button is then released—and phase- 
rotation, clockwise or counter- 
clockwise, is shown by. which one 
of the lamps remains lighted. 
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Variable Speed Trans- 
mission 
Link Bett Co., 2045 W. Hunting 
Park Ave., Philadelphia, announces 
that the P. I. V. transmission is 


now available in sizes from 5 up to 
15 hp. with motor as integral part 

















of the unit if desired, with or with- 
out speed-reduction gearing, in 
horizontal or vertical casing. It is 
of all metal construction, with spe- 
cial side-contact chain between ad- 
justable - diameter wheels which 
have radially cut teeth. 


Leigh S. Keith Elected 
Secretary of W.S. E. 


Av THE MEETING of the Board 
of Direction held on August 27th 
Leigh S. Keith was elected Secre- 
tary of the Western Society of En- 
gineers to succeed Edgar S. Neth- 
ereut, who retired as Secretary 
Emeritus, effective on September 1. 
Mr. Keith is very well known in 
Chicago engineering circles and has 
been unusually active in Western 
Society affairs for more than a dec- 
ade past. He brings to his new po- 
sition both a long background of 
engineering experience, principally 
in the consulting field, and an inti- 
mate knowledge of the organiza- 
tion and policies of the Society, 
having held the office of treasurer 
of the Western Society from 1928 
to 1932 and vice president for the 
succeeding three years. 

Edgar S. Nethercut was elected 
Secretary Emeritus, after serving 
the Society continuously as Secre- 
tary and Director for 18 yr. This 
action was taken after Mr. Nether- 
cut had announced that he wished 
to retire from the position of Sec- 
retary in order to devote his time 
to travel and historical research in 
the field of engineering, which has 
been his desire for some time. His 
advice and counsel will thus be re- 
tained for the benefit of the Society 
which he has served so long and 
faithfully. 
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News From the Field 


EXTENSION DIVISION of the University 
of California at 301 California Hall, 
Berkeley, Calif., is offering a correspond- 
ence course of 15 lessons on Diesel Engine 
Engineering, covering elements of the en- 
gine, recent developments, features of con- 
struction, maintenance and repairs. Fee 
for students in California is $7; for those 
outside the state $10. 


Wit1aAm G. Curisty, smoke abate- 
ment engineer for Hudson Co., N. J., is co- 
operating with Sol Pinons, deputy health 
commissioner of New York City in a sur- 
vey of smoke and air pollution in greater 
New York. Mr. Christy will assist in 
selecting and training the corps of 150 en- 
gineers and scientists who will investigate 
sources of pollution and the damage to 
structures and merchandise, the work esti- 
mated to continue over a 2-yr. period. 


Harry E. Stitt, chief engineer of The 
Austin Co., engineers and industrial build- 
ers, until. recently when he became con- 
sulting engineer after illness forced him to 
reduce business responsibilities, died in 
Cleveland, Friday, August 23rd. 

Mr. Stitt is accredited with having orig- 
inated the principle of standardized unit 
construction for modern industrial build- 
ings. He applied this idea in hundreds of 
plants erected by The Austin Co. between 
1914 and 1935, under his engineering di- 
rection. During this period he also pio- 
neered in the application of welding to in- 


‘dustrial construction and was largely in- 


strumental in establishing a widespread 
preference for welded structures. 

Born in Blairsville, Pa., in 1877, Mr. 
Stitt was graduated from Pennsylvania 
State College in civil engineering in 1903. 
He was then employed successively by 
Heyl & Patterson and the Jones & Laugh- 
lin Steel Co. at Pittsburgh; the Carnegie 
Steel Co. at Youngstown; and the Arthur 
G. McKee Co. and Anton Burchard in 
Cleveland. He went to The Austin Co. as 
chief engineer in 1914. 


SteeL & Tuses, Inc., has created a 
new sales district consisting of N. and S. 
Carolina,. Va., Md., Del., southern N. J., 
and S. E. Penn. with C. J. Boyd, formerly 
of the Brooklyn office in charge. Head- 
quarters of the district will be in Phila- 
delphia. J. F. Keeler has been transferred 
from Cleveland to Brooklyn, N. Y., to 
head the eastern sales promotion; J. S. 
Anderson has been transferred from De- 
troit to Philadelphia and I. H. Anderson 
has been transferred from Philadelphia to 
Brooklyn. J. D. Benfield and Robert Tur- 
rell have organized Turrell & Benfield, 
Inc., and will handle the company’s prod- 
ucts in the Michigan territory with offices 
in Detroit. 


Tue KENNEDY VALVE Mrc. Co. an- 
nounces the appointment of O. R. Lane 
as its representative in Oklahoma, Ar- 
kansas, Tennessee, Eastern Missouri, and 
Southern Illinois and Indiana, with head- 
quarters at 455 Paul Brown Building, St. 
Louis, Missouri, 


OPENING OF A NEW SALES OFFICE at 622 
Dwight Bldg., Kansas City, Mo., effective 
September 1, is‘ announced by N. J. 
Clarke, Vice-President in Charge of 
Sales, Republic Steel Corp., Youngstown, 
Ohio. The new office will be in charge 
of Robert L. Pierce, of the St. Louis dis- 
trict sales office. 


THE Fourtu INTERNATIONAL HEATING 
and Ventilating Exposition is to be held 
January 27-31, 1936, in the International 
Amphitheatre in Chicago. It is held every . 
two years and comes this year for the 
first time to Chicago. Previous exposi- 
tions were held in Philadelphia, Cleveland, 
and New York. 


INCREASED ACTIVITY IN the German 
steam boiler industry during 1934 is re- 
vealed in a report from Vice Consul 
James H. Wright, Cologne, made public 
by the Commerce Department. 

Production at the end of the year was 
approximately 60 per cent in excess of 
that recorded at the close of 1933, it is 
stated. The greater part of the industry’s 
output went to cover domestic demand. 
While total production slightly more than 
doubled, domestic sales trebled. Exports 
showed a slight increase, having aggregat- 
ed 4,993 metric tons valued at 3,661,000 
reichsmarks, compared with 4001 metric 
tons valued at 2,971,000 reichsmarks during 
1933. (2.48 reichsmarks equal $1.00 at 
present exchange.) 


JosEPH S. RusLE, vice president and 
general superintendent of construction for 
The Austin Co. during the World War, 
died on Wednesday, September 4, at Pres- 
ton Springs, Ontario, Canada, after a pro- 
longed illness. He was 57 years old. At 
the time of his death, Mr. Ruble was super- 
vising project manager for the Federal 
Emergency Housing Corporation at Cleve- 
land. He was graduated from Pennsyl- 
vania State College in 1901, entered the 
employ of the American Steel & Wire Co. 
at Cleveland, subsequently served the 
Hoover & Mason Co. at Chicago and the 
Tennessee Coal, Iron & Railway Co. In 
1913 Mr. Ruble became a member of the 
Engineering staff at The Austin Co. and 
in subsequent years supervised navy yard 
construction at League Island, Philadel- 
phia; Brooklyn, N. Y.; and Indian Head, 
Maryland, as well as the Curtiss-Wright 
aircraft plant at Buffalo, N. Y., and other 
important projects. Mr. Ruble resigned as 
vice president of The Austin Co. in 1922 
to join the H. K. Ferguson Co., in a similar 
capacity. 


G. B. Martinctey, formerly with the 
Edge Moor Iron Co., is in the boiler sales 
division of Henry Vogt Machine Co.’s 
Philadelphia office located in the Commer- 
cial Trust Building. The company also 
announces that J. C. Mahoney, formerly 
with the C. H. Leach Co. and the Alco 
Products, Inc., is in the heat exchanger 
sales division of the New York Office 
located at 80 Broad Street. 


AT THE GRAND CENTRAL PALACE, New 
York, the 15th Exposition of Chemical 
Industries will be held December 2 to 7, 
1935. The exposition will be a presenta- 
tion of materials, products, and machines. 
Semi-works and plant equipment for all 
of the unit procéss industries will be 
graphically demonstrated. The exposition 
is divided into the following classifica- 
tions: Chemicals and Chemical Products; 
Plastics, Molded Products, and Lacquers; 
Laboratory Equipment and Supplies; Gen- 
eral Equipment; Instruments of Preci- 
sion; Containers and Packaging Equip- 
ment; Brewing, Distilling, and Bottling 
Equipment; Materials Handling Equip- 
ment; Raw Materials, Natural Resources 
and Industrial Opportunities; and Educa- 
tional Exhibits. 
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For the Engineer’s Library 


Steam Turbines. By Edwin F. Church. 
Published by McGraw-Hill Book Co., 
Inc., 330 W. Forty-second St., New York 
City. Size 6 by 9 in., 311 pp., cloth bound. 
Price $3. 

This is the second edition of a book 
published in 1928 as the result of diffi- 
culties encountered by the author in find- 
ing a brief and concise but thorough 
treatment for text book purposes. The 
book begins with a general discussion to 
acquaint the reader with the general form 
and characteristics of commercial turbines 
and the meanings of the terms used. The 
balance of the book deals with the appli- 
cation of thermodynamic principles to the 
flow of steam through nozzles and blade 
passages, turbine details and changes in 
the factors affecting efficiency. 

In the second edition the opportunity 
was used to insert drawings and photo- 
graphs of recent examples of turbine 
practice,-to remove some obsolete matter, 
to add explanatory material in portions 
of the text that experience has shown to 
be rather too brief, to make necessary 
corrections and some rearrangement, and 
to insert a few additional related topics, 
such as recent experimental work on 
supersaturation, the flow of wet steam in 
nozzles and blading, runaway speed and 
stalling condition. Numerous footnote 
references also have been made to impor- 
tant recent papers in the literature on 
steam turbines. 


HEATING AND AIR CONDITIONING, By 
John R. Allen and James H. Walker. Pub- 
lished by McGraw-Hill Book Co., Inc., 330 
W. 42d St., New York. Size 6x9 in., 426 
pp. Price $4.00. 

This is a fourth edition of a book for- 
merly published under the title, “Heating 
and Ventilating,” a book which has been 
a standard work in this field for many 
years. Changes in practice have been rapid, 
however, and the book has been consist- 
ently rewritten and kept up to date. Since 
the last revision in 1931 much new material 
has been added, particularly in the chapters 
relating to air conditioning. In 20 chap- 
ters the complete theory and practice of 
heating, ventilating and air conditioning 
are covered in a concise manner, approxi- 
mately the last half of the book being de- 





TURBINE SHIPMENT FOR 
BOULDER DAM 


First shipment of six cars carrying 
the spiral casing of .one of the 
four 115,000-hp. hydraulic turbines 
for Boulder Dam, shown leaving the 
Allis-Chalmers Mfg. Co. factory at 
Milwaukee, Wis., where the equip- 
ment was built. Each complete tur- 
bine will require 26 cars to transport 
its weight of 114 million pounds. 
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voted to air conditioning which includes; 
the properties of air; principles of air con- 
ditioning ; ventilating ; fan systems; filters ; 
washers and humidifiers; artificial cooling 
and industrial air conditioning. The book 
was compiled as a complete treatise by 
and for practicing engineers, the late John 
R. Allen was past president of the A. S. H. 
& V. E., James H. Walker is superinten- 
dent of central heating of The Detroit 
Edison Co., and F, E. Giesecke, who pre- 
pared the chapter on hot water heating 
systems, is director of the Texas Experi- 
ment Station of the A. & M. College of 
Texas. 

THE Power SpEcIALIST for August, is- 
sued by Johns-Manville contains 24 p. de- 
voted largely to the use of the company’s 
products in reducing friction, fire-resisting 
construction, and solving packing problems. 
Catalog. 

THE NEW C-E Stoker Unit, applicable 
to all types and sizes of boilers from small 
heating units to power boilers developing 
up to 400 hp. is described in a folder re- 
cently issued by Combustion Engineering 
Co., Inc., New York. It describes both the 
center- and side-retort arrangements, the 
combination of screw and reciprocating 
raw feed for the coal with alternate fixed 
and moving grate bars having ports 
through which air from the integrally 
mounted air is admitted, driven by a con- 
stant speed motor and a variable speed 
transmission to give sixteen rates of coal 
feed. The folder illustrates details of the 
stoker unit and a number of representative 
installations. 


Puoto ELEcTRIC AND SELENIUM CELLS. 
By T. J. Fielding.. Published by Chapman 
& Hall, Ltd., 11 Henrietta Street, Covent 
Garden, London W. C. 2, Eng. Size 5% x 
8 _ cloth, 138 pp. Price 6 shillings (about 
$1.50) 


Potentialities of the photo cell for in- 
dustrial application are beginning to be ap- 
preciated and the work would undoubtedly 
proceed more rapidly if the photo cell were 
not a highly specialized development. Most 
books available deal primarily with the 
cells themselves and their rather involved 
theory and leave the reader with little in- 
formation of a practical nature. This book, 
on the other hand, deals with the practical 


application of the cells and gives numerous 
drawings showing the circuits and mechan- 
ical devices necessary to accomplish de- 
sired results. One chapter on Home Ex- 
periments gives a number of simple appli- 
cations such as burglar alarm, counter, 
playing a phonograph record with a light 
beam, model railroad signal system, etc., 
intended to familiarize the reader with ele- 
mentary applications. Another chapter is 
devoted to television, talking pictures, and 
the balance of the book to industrial, adver- 
tising and novelty applications such as 
safeguarding a punch press, inspection of 
small parts, sorting cards, automatic door 
opener, counting papers, timing, photo- 
electric rifle range, wind direction indica- 
tor, vault protection, etc. The book is sim- 
ply written and clearly illustrated to form 
an excellent introduction to the subject 
from the practical side. 


B. F. Goopricw Co., Akron, Ohio, has 
released a 10-page, illustrated bulletin de- 
scribing the various properties of a new 
synthetic rubber-like material known as 
Koroseal, listing the various forms in 
which it is available and uses for which 
it has been successfully adapted. 


McCrave Forcep draft chain grate 
stokers for anthracite, coke breeze and 
mixtures are described in a catalog just 
published by McClave-Brooks. Co., 
Scranton, Pa. 


Butietin 759, published by Chicago 
Pneumatic Tool Co., 6 East 44th St., New 
York, illustrates and describes in detail, a 
complete new line of air compressors in- 
cluding specifications of the different sizes 
and types in which they are built. 


MANHATTAN RussBER Mrc. DIvIsIoNn, 
Passaic, N. J., has issued bulletin No. 6840 
describing and explaining the details of 
the construction of Condor V-Belts. 
Numerous diagrams are used to illustrate 
the text. 

GENERAL ELEctric Co. bulletin GEA- 
1278B on paper-insulated cable, now ready 
for distribution, describes, in detail, four 
major improvements — compack-strand 
conductor, paper insulation applied in 
graduated layers, treatment with carbon- 
dioxide gas, and hydrogen-processed lead- 
sheath. 
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Fans. By Theodore Baumeister, Jr. 
Published by McGraw-Hill Book Co., 330 
W. 42nd St., New York, N. Y. Size 6 x 9 
in., cloth, 236 pp. Price $3.50. 

Fans play an important part in all phases 
of modern industry, yet it has been many 
years since they have been treated in a 
comprehensive manner. This book which 
treats the subject from the standpoint of 
the fan user, is the result of the author’s 
experience in conducting a course on air 
and gas machinery at Columbia University. 
The primary purpose of the book is to en- 
able the user to make a better selection of 
equipment to meet his service equipment. 
The book opens with a review of commer- 
cial types of fans and blowers, their char- 
acteristics and selection, and works through 
to the theory and design, fluid flow and 
testing. Propeller fans which operate on 
a different basis, are covered in a separate 
chapter. 

Reports of an investigation conducted 
by the Engineering Experiment Station at 
Purdue University, Lafayette, Ind., on the 
stresses in pre stressed reinforced concrete 
pipe is given in a 71 page, paper-bound 
volume issued as Research Bulletin No. 46. 
The investigation was conducted by Ray B. 
Crepps, assistant professor of testing ma- 
terials. The regular price of the bulletin is 
50 cents, but a limited number of free 
copies are available. 

PALMER-BEE Co., Detroit, Mich., is dis- 
tributing Section 107 of its General Cata- 
log 100 which deals with screw or spiral 
conveying machinery for handling mate- 
rials. Besides illustrating and describing 
the various designs and uses of equipment, 
the catalog contains numerous tables and 
charts of use to engineers in solving their 
conveying problems. 


THE MANHATTAN RussBer Mn. Divi- 
sion.of Raybestos-Manhattan, Inc., Passaic, 
N. J., has just issued a new descriptive bul- 
letin describing Condor Whipcord brand 
of endless transmission belting, and giving 
specifications and sectional and installation 
views of the product, together with tech- 
nical data on how to determine properly 
the length of endless belts and horsepower 
tables. 


“Sounp Controt of Mechanical Equip- 
ment,” is the title of an illustrated brochure, 
Number DS Series 275, issued by Johns- 
Manville, Executive Offices, 22 East 40th 
Street, New York City. It contains an in- 
structive discussion of the problem of 
sound control in air conditioning systems, 
mechanical refrigerators, oil burners, metal 
furniture and other equipment, as well as a 
description of the various materials used in 
typical installations. Special treatment is 
given the subject of vibration isolation 
platforms designed for motors, fans and 
the like. 

THE BELMONT PACKING AND RUBBER 
Co., Philadelphia, Pa., have issued three 
handy circulars specifying types of Bel- 
mont packing for steam, water, and oil 
and gasoline service respectively. 


WortTHINGTON PuMP AND MACHINERY 
Corp., Harrison, N. J., have issued two 
new circulars, one describing Worthington 
deep well turbine pumps and the other 
Worthington. steam booster compressors. 


CaTALoG No. 610 newly published by 
The Jeffrey Mfg. Co., Columbus, O., de- 
scribes their line of belt conveyors. It 
is a 112 page booklet with full dimen- 
sional data and engineering information 
necessary for the application of this 
equipment. 

Bu.ietin No. 277 of the Engineering 
Experiment Station of the University of 
Illinois, Urbana, Ill, entitled “The 
Strength of Monolithic Concrete Walls,” 
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by Frank E, Richard and Nathan M. New- 
mark, which has recently been issued, re- 
ports tests that were made for the pur- 
pose of obtaining information on the 
strength and stability of monolithic con- 
crete walls of types used in concrete 
house construction. There are reported 
in this bulletin test on panels of single 
and double walls of various thicknesses, 
made of dry-tamped. concrete, and con- 
structed in successive courses; tests were 
also made on ribbed walls consisting of a 
slab and vertical ribs constructed as a sin- 
gle unit, and on single walls of the same 
size and shape as the dry-tamped single 
walls, all made of poured concrete. 

Among the results noted were the fol- 
lowing: 

(a) The wall strength was affected 
to a slight extent by the type of wall, 
whether single, double, or ribbed, and to 
a very great extent by the strength of the 
concrete composing the wall. 

The compressive strength of all 
axially-loaded walls, large and small, was 
over 55 per cent of the strength of the 
concrete control cylinders, and averaged 
about 78 per cent of the cylinder strength. 

(c) The eccentrically-loaded ribbed 
walls were able to carry only 20 to 30 
per cent as great a load as the axially- 
loaded ribbed walls. The eccentricity was 
very high, almost four-tenths of the total 
depth of the section. Heavier rib sections 
might very profitably be used in walls of 
this kind. 


PENNSYLVANIA Pump & COMPRESSOR 
Co., Easton, Pa., has issued Bulletin No. 
163 dealing with steam booster compres- 
sors, and Bulletin No. 164 which describes 
the company’s air cushion valve single 
stage horizontal roller bearing type com- 
pressor. 


Atiis-CHALMERS Engineering leaflet 
2204 gives a complete fully illustrated 
8 page description of their new type BFR 
low cost branch feeder regulator available 
in all standard commercial voltages from 
2400 to 13,200, both single and three phase. 
Catalog Note. 


BULLETIN 352, published by H. W. Por- 
ter & Co., 825 Frelinghuysen Ave., New- 
ark, N. J., contains specifications for a 
complete system of modern steam conduits, 
for the protection and insulation of pipe 
lines between buildings. The bulletin gives 
details of Therm-O-Tile construction and 
covers such subjects as: shop drawings; 
levels and grades; excavation; holes 
through walls ; foundation; drainage ; man- 
holes; pipe anchors and pits; pipe sup- 
ports; expansion of pipe lines; alignment 
guides; shutters; insulation; backfilling 
and restoration; and efficiency guarantee. 


Cast MeTAts HanpsooKk. Published by 
the American Foundrymen’s Association, 
222 West Adams ‘Street, Chicago, Ill. Red, 
semi-flexible cloth, 512 pp., price $4.00. 

This handbook is the first ever pub- 
lished devoted exclusively to the properties 
and applications of cast materials. It brings 
to date information on castings and cor- 
rects much erroneous and obsolete data on 
which engineers base their calculations. 
The handbook is divided into eight sec- 
tions on recommendations to designers of 
castings, recommendations to buyers of 
castings, one section each on the proper- 
ties and applications of cast iron, malleable 
iron, steel and non-ferrous cast metals, a 
cross-index of the material contained in 
the volume and an advertising section. 

Included in the data in these sections 
are physical properties, physical constants, 
properties at room, elevated and sub-nor- 
mal temperatures, ranges of chemical com- 
position, specifications, metallurgy, testing 
methods, and much other data. Consider- 





able information also is given on cast ma- 
terials for heat, corrosion and wear resist- 
ance, including such data as room and 
high temperature physical properties, chem- 
ical compositions, service temperatures, the 
resistance of various alloyed materials to 
corrosive media and applications of the 
various plain and alloyed materials. 


ZEOLITES, their mining, processing, 
manufacture and uses, is the title of an in- 
teresting 30-p. pamphlet issued by The 
Permutit Co., 330 W. 42nd St., New York, 
N. Y. It covers the history of Zeolite, 
manufacture of synthetic sand, mining and 
preparation of natural greensand, used for 
softening water. Numerous illustrations 
add to the interest and instructiveness of 
the book. Copies may be had on request. 


ENGINE-DRIVEN Model SA-200 of the 
Lincoln Shield Arc welder, made by The 
Lincoln Electric Co., Cleveland, Ohio, is 
described in bulletin No. 309 issued by 
that company. It describes and illustrates 
the engine, the generator and control, the 
general assembly and the types of truck 
mounting. 


“BOILER PLANT EQUIPMENT” is the ti- 
tle of a four-page bulletin just issued by 
Combustion Engineering Company, Inc., 
New York, which describes, in condensed 
form, all the types of boilers, complete 
steam generating units, stokers, pulverized 
fuel systems and heat recovery equipment 
furnished by that company. Line draw- 
ings of such equipment are included. 


A NEW BOOKLET ON PIPE joints, intend- 
ed for those who have to do with the 
construction, operation, or maintenance of 
pipe lines, has just been published by the 
Ss: Dresser Manufacturing Company, 
of Bradford, Pa. The booklet contains 
16 pages, includes a number of installa- 
tion pictures, as well as general informa- 
tion on various pipe-line products, and 
should make a valyable addition to any 
engineer’s reference library. Copies may 
be obtained free by asking for Form 355. 


Lewis’ New Arr CONDITIONING FOR 
Comrort, by Samuel R. Lewis, second edi- 
tion, 277 pages, cloth bound, 5% by 8% 
in., 1935. Price $2.50. Keeney Publishing 
Co., Chicago, III. 

Completely rewritten and enlarged, this 
second edition embodies the experience re- 
sulting from use of the earlier edition. 
The book is full of data helpful to the 
designing engineer, architect or contractor 
and the numerous problems fully worked 
out are of distinct aid in giving a better 
grasp of the subject to the student en- 


_deavoring to familiarize himself with 


practical problems in air conditioning. The 
seventeen chapters into which the book is 
divided are headed as follows: Terminol- 
ogy; air conditioning systems; psychro- 
metric table and chart; formulas and meth- 
ods; humidifying and dehumidifying; re- 
frigeration for air conditioning; air con- 
ditioning and the human body; heat trans- 
mission through buildings; heat from sun 
and appliances; design air volumes, infil- 
tration and ventilation; air distribution 
within rooms; water circulation in heating 
and cooling systems ; operating costs; heat- 
ing a residence—example; cooling a resi- 
dence—example; cooling a commercial 
building—example; heating a commercial 
building—example. 


CONTINENTAL-DIAMOND Frere Co. has 
issued a new attractively illustrated 46- 
page catalog, describing Dilecto, phenol 
fibre. Complete engineering data on the 
various forms in: which this product is 
made is included. 
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AMERICAN STANDARDS For DRAWING 
AND DRAFTING Room PRActIcE, designed 
as ASA Z 14.1—1935 was recently pub- 
lished and may be obtained from the A. S. 
M. E. Publication Sales Department, 29 
W. 39th St, New York, for 50 cents. 
These standards cover the arrangement 
of views, line work, dimensioning, sheet 
sizes and lettering and is the result of 
over 20 yr. effort along this line. The 
sponsor societies were the S. P. E. E. and 
the A. S. M. E. Two other standards 
were also recently completed and may be 
obtained from the same source. The first, 
ASA B5.6—1935 on Jig Bushings is one 
of a series of standards for small tools 
and machine tool elements. Costs 35 cents 
and the second, ASA B 1.1—1935, covers 
Screw Threads for bolts, nuts, machine 
tools and threaded parts. Costs 60 cents. 


“THERMIT WELDING—Industry’s Mas- 
ter Maintenance Tool,” is the title of a 
new illustrated sixteen page booklet pub- 
lished by the Metal & Thermit Corpora- 
tion, 120 Broadway, New York, N. Y. 
Thermit welding is described as an 
_ alumino-thermic process which has been 
successfully employed for more than 30 
yr. in the welding of heavy sections of 
ferrous metals. Particular attention is 
given to the economy and permanency of 
Thermit repairs and actual cost data are 
given in a number of instances. 

A copy of the booklet may be obtained 
by writing to the Metal & Thermit Cor- 
poration at the above address. 


Tue Linpe Arr Propucts Co., 30 East 
42nd St., New York, announces publica- 
tion of “The Metallurgy of Oxy-Acetylene 
Welding of Steel.” This booklet, by J. H. 
Critchett, Vice President, Union Carbide 
and Carbon Research Laboratories, Inc., 
is an informative discussion of the physi- 
cal and chemical principles involved in 
the oxy-acetylene welding of steel. 


THE Brrp-ARCHER Co. announces the 
appointment as Industrial Sales Manager 
of Edward A. Lowenthal, heretofore Dis- 
trict Sales Manager at New York. Mr. 
Lowenthal’s new headquarters will be at 
Chicago where Bird-Archer has its west- 
ern plant. R. E. Lester, Chem. E., for- 
merly of New Jersey sales, will succeed 
at New York. 


DiESEL ENGINES of from 25 to 110 
b.hp. developed by the Cooper-Bessemer 
Corp., Mt. Vernon, Ohio, specifically for 
stationary service for the small power 
user are described in a new bulletin, Type 
—GA Single and Twin Cylinder Horizon- 
tal Diesel Engines. 


WorTHINGTON PuMp & MACHINERY 
Corp., Harrison, N. J., has issued the fol- 
lowing bulletins: Types VS and VA2 air 
compressor units for oil and gas engine 
starting; Freon or methyl chloride Car- 
bondale refrigerating units for air condi- 
tioning and general refrigeration service; 
CM C air conditioning units of the hori- 
zontal and ceiling types; No. 5 sump 
pumps and No. 10 master breaker and 
sheeting driver, an air operated tool for 
general concrete and paving breaking and 
for driving, up to 3 in., sheet piling. 


FroM THE LiNcotn ELectric Co., 
Cleveland, Ohio, comes an_ interesting 
booklet on How to, Make It Wear Longer. 
This describes methods of hard facing 
and overlaying surfaces which are subject 
to wear and abrasion, so as to prolong 
their useful service. Choice of electrodes 


and procedure for building up surfaces 
by — arc are described and illus- 
trated. : ; 





CHICAGO, OCTOBER, 1935 


Dust ENGINEERING is the name of a 
quarterly “house organ” publication re- 
cently started by the American Air Filter 
Co., Inc., Louisville, Ky., which will be 
devoted to the treatment of dust, dust 
problems and dust control equipment. 


Rottep STEEL for Machine Construc- 
tion is the title of a 16-p. booklet issued 
by Illinois Steel Co. and Carnegie Steel 
Co., giving suggestions on forms of steel 
available, how to buy economically, how 
to combine rolled steel and castings, weld- 
ing methods and the like. Illustrations 
show construction methods that have been 
used. Copies may be had from either 
steel company or from The Buchen Co., 
400 W. Madison St., Chicago, III. 


Many PRACTICAL hints for welders are 
given in The Welder’s Stabilizer, pub- 
lished by The Lincoln Electric Co., Cleve- 
land, O. It includes suggestions from 
men in the field, records of difficult jobs 
and detailed directions for making various 
forms of welds. 

“Barriers to Industrial Waste,” a book- 
let which has just been published by Johns- 
Manville, 22 East 40th St., New York City, 
describes and illustrates the use of the 
many J-M insulating products, of which 
there is one for every temperature from 
400 deg. below zero to 2500 deg. F. The 
table of recommendations for insulating 
materials in this booklet covers heating and 
power, ovens and dryers, heat treating fur- 
naces, oil refinery, steel mill, non-ferrous 
smelting, ceramic, gas making, refrigerat- 
ing and brewery equipment, hot and cold 
fipes and other industrial equipment re- 
quiring insulation. 

Tue 'StmpLex Corp., Burlington, Iowa, 
announces the publication of bulletin 201 
covering Simplex Voltage Regulators for 
use in connection with generating plants in 
sizes from the smallest capacity up to 50,000 
kw. and used in connection with 25 to 180 
cycle applications. 


LEAFLET 2192 issued by Allis-Chalmers 
Mfg. Co. of Milwaukee gives dimensions, 
construction details and general arrange- 
ment of the Tyne W Split Casing Cen- 
trifugal Sewage Pump. 

FLexpin Coupiincs of the 1935 im- 
proved type are described in Bulletin 49 re- 
cently issued by Smith & Serrell, Newark, 
N. J. The bulletin calls attention to six 
improvements made in these couplings and 
gives tables of dimensions and prices. 


Buttetin No. 273 of the Engineering 
Experiment Station of the University of 
Illinois, entitled ‘“Mechanical-Electrical 
Stress Studies of Porcelain Insulator 
Bodies,” by Cullen W. Parmelee and John 
O. Kraehenbuehl, has just been issued as 
a report on part of a research conducted 
by the Experiment Station in cooperation 
with the Utilities Research Commission of 
Chicago. The object of the investigation 
was to determine the relation and correla- 
tion between the electrical and the mechan- 
ical properties of porcelain insulator bodies 
furnished by manufacturers of high-volt- 
age insulators, and of similar bodies pro- 
duced under laboratory conditions. 


IN A FOLDER entitled “New Simplicity 
Leads to Perfect Welds,” Metalweld, Inc., 
26th and Hunting Park Ave., Philadelphia, 
Pa., describes a new Navy-type electrode 
holder and Shur-Grip clamps for use in the 
process of electric welding. 


“LUBRICATION OF BEARINGS in Electri- 
cal Machinery” is the title of a sheet is- 
sued by the Imperial Electric Co. of 
Akron, Ohio. Care of ball bearings, the 
ten ball bearing commandments and point- 
ers on sleeve bearings are covered in this 
practical summary of bearing lubrication. 





Repusic STEEL Corp., Massillon, O., is 
distributing in bulletin form an article, re- 
printed from Metal Progress, on Alloy 
Sheet Steel (copper-nickel-molybdenum) 
written by Howard L. Miller, metallurgist 
of the Republic Steel Corp. The author 
deals with the commercial phases of this 
alloy and points to further applications. 


Brnxs MANUFACTURING Co., 3114 Car- 
roll Avenue, Chicago, announces a new re- 
vised 16 page loose leaf catalog on spray 
painting equipment and accessories. 

Spray guns, spray booths, syphon cups, 
pressure tanks, air and material hose, oil 
and water extractors, air compressors, ex- 
haust fans, and all other necessary equip- 
ment for industrial spray finishing are 
listed and priced with complete specifica- 
tions. Also listed are complete portable 
spray painting outfits. 


Repusiic Wire Naltts and Wire Prod- 
ucts is made the subject of a catalog re- 
cently released by Republic Steel Corp., 
Massillon, O. The booklet contains 40 
pages of information and illustrations on 
these products. 


KINnG-cLip gate valves, manufactured 
by The Lunkenheimer Co., Cincinnati, O., 
are the subject of a new circular, No. 504, 
recently issued which illustrates and: lists 
all types in the line—inside screw, outside 
screw and quick operating in both iron 
body bronze mounted and all iron pat- 
terns. 


Winc Mre. Co., 154 W. 14th St., New 
York City, has just issued a unique type 
calling card to its salesmen and represen- 
tatives. It is the same size as an ordi- 
nary calling card, but in contents it takes 
the form of a miniature catalog: It illus- 
trates and gives a brief description of the 
firm’s complete line of Heating, Ventilat- 
ing, Blower, and Turbine equipment. It 
makes a handy refetence that can be 
tucked ‘away in the vest pocket of*anyone 
interested. 


BULLETIN 1173 issued by Allis-Chalmers 
Mfg. Co. has to do with distribution trans- 
formers showing in a unique way both ex- 
terior and cut-away interior views of the 
type SB and type CB transformers. The 
former are for 2400 v. and 4800 v. circuits. 
The latter are for 6900 v. circuits and 
higher. 

The impulse strength of the windings is 
coordinated with the flash over of the de- 
mountable entrance bushings. These Trans- 
formers are surge proof without surge di- 
verters and with the addition of surge 
diverters they also are outage proof. 


Victor-AcME Rotary Positive Blowers 
are described in Bulletin 21-B-17 just is- 
sued by Roots-Connersville Blower Corp. 
of Connersville, Ind. Operating character- 
istics are described and a selection table, 
giving net capacities at listed speeds and 
pressures, is included in the pamphlet. 


LEAFLET 2203 on Allis-Chalmers gear- 
motors is a well illustrated publication de- 
scribing these compact self-contained speed 
reducers, with integral or attached motors 
that permit lowspeed drives with high over- 
all efficiency. Eight types of gearmotors 
are shown for application to various hori- 
zontal and vertical arrangements. They can 
be furnished with any type of alternating 
or direct current motors by adapting the 
construction of the gear end to suit the 
mechanical design of the motor. Standard 
speeds at the power take-off range from 
6.08 r.p.m. to 1165 r.p.m. providing almost 
any slow speed. 
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Power Plant Construction News 


Ala., Florence—Board of Lauderdale 
County Commissioners, Florence, plans 
new community cold storage and re- 
frigerating plant. Cost about $45,000. 
Financing will be arranged through 
Federal aid. 

Ark., Dermott—Burleigh Mfg. Co., 
plans installation of electric power 
equipment in connection with proposed 
rebuilding of portion of wood handle- 
manufacturing works, recently destroyed 
by fire. Loss reported close to $40,000, 
including machinery. 

Conn., Bridgeport—Bridgeport Brass 
Co., Housatonic Avenue, plans installa- 
tion of electric power equipment in new 
one-story plant addition, 52x150 ft. Cost 
over $70,000. Fletcher-Thompson, Inc., 
1336 Fairfield Avenue, is architect and 
engineer. 


Fla., Tavares—John Barnes Co., Inc., 


Plant City, Fla., fruit packer, plans in- 
stallation of electric power equipment, 
conveyors, loaders, etc., in proposed new 
branch plant at Tavares, where property 
has been selected. Cost close to $65,000. 

Ga., Milledgeville—State Department 
of Institutions, Atlanta, Ga., plans new 
electric light and power plant, with 
steam department for central heating 
service at group of State institutional 
buildings at Milledgeville, including hos- 
pital, State prison farm and women’s 
college. Cost about $350,000. Financing 
is being arranged through Federal aid. 

Ga., Tifton—Armour & Co., Union 
Stock Yards, Chicago, Ill., meat pack- 
ers, plan installation of power equip- 
ment, conveyors, loaders and other me- 
chanical equipment for modernization 
and expansion in branch plant at Tifton. 
Cost over $100,000, with machinery. 

Ill., Moline—International Harvester 
Co., 606 South Michigan Avenue, Chi- 
cago, Ill., plans new one-story boiler 
house, 50x50 ft., at agricultural imple- 
ments works at Moline. Also will build 
new one-story plant addition, 111x350 
ft., and make improvements in present 
plant. Electric power equipment will be 
installed. Entire project will cost over 
$500,000, including machinery. 

Ind., Fort Wayne—Board of Public 
Works, City Hall, plans extensions and 
improvements in municipal electric light 
and power plant, including installation 
of boiler unit, auxiliary bus structure, 
control meters and complete accessories. 
Cost over $75,000. P. F. Thiele is engi- 
neer for Board. 

n., Ellis—Common Council plans 
new municipal electric light and power 
plant, and electrical distribution system. 
Cost about $80,000. Financing is being 
carried out through Federal aid. Black 
& Veatch, 4706 Broadway, Kansas City, 
Mo., are consulting engineers. 

Me., Skowhegan—State Department 
of Public Institutions, State House, Au- 
gusta, Me., is completing plans for new 
steam power house for central heating 
service at State Reformatory for Wom- 
en, Skowhegan, including mechanical 
laundry unit. Cost about $65,000. A. J. 
Thayer Co., 2 Spring Street Extension, 
Auburn, Me., is consulting engineer. 

Mass., Boston—Metropolitan Coal 
Co., 20 Exchange Place, plans new addi- 
tion to coal storage and distributing 
plant at Chelsea, with installation of 
screening, conveying, loading and other 
"gor, equipment. Cost about $175,- 
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Mass., Boston—State Hospital De- 
partment, State House, plans improve- 
ments in power house at State Hospital 
at Danvers, including installation of new 
boiler units and other equipment. Cost 
about $150,000. Similar improvements 
will be made in power house at State 
Hospital at Taunton, with installation of 
new boilers and accessories, estimated 
to cost $120,000. Financing is being ar- 
ranged through Federal aid. 

Mich., Northville—Ford Motor Co., 
Dearborn, Mich., plans installation of 
electric power equipment in new one- 
story plant, 100x200 ft., at Northville, 
for engine valve manufacture. Cost close 
to $250,000. Albert Kahn. Inc., New 
Center Building, Detroit, Mich., is archi- 
tect and engineer. 

Mich., Saginaw—Wilcox-Rich Cor- 
poration plans installation of electric 
power equipment in new one and two- 
story addition to automotive parts man- 
ufacturing plant, 90x210 ft. Cost about 
$80.000. George S. Rider Co., Marshall 
Building, Cleveland, Ohio, is architect 
and engineer; Cowles & Mutscheller, 
Saginaw, are associate architects. 

Mo., Carthage—Carthage Ice & Cold 
Storage Co. plans new three-story addi- 
tion to cold storage and refrigerating 
plant, 44x88 ft., including improvements 
in present plant, Main and Limestone 
Streets. Cost about $70,000, with equip- 
ment. 

Mo., Monett—City Council plans new 
municipal electric light and power plant, 


’ using Diesel engine-generator units. Cost 


about $148,000. Application has been 
made for Federal grant and loan in that 
amount. Burns & McDonnell Engineer- 
ing Co., 107 West Linwood Boulevard, 
Kansas City, Mo., is consulting engineer. 

Neb., McCook—Common Council has 
plans under way for new municipal elec- 
tric light and power plant, including elec- 
trical distribution system. Cost about 
$340,000. Financing is being arranged 
through Federal aid. Proposed to begin 
work in near future. 

N. Y., Buffalo—Bell Aircraft Corpo- 
ration, 2050 Elmwood Avenue, lately or- 
ganized by Lawrence D. Bell and asso- 
ciates, plans installation of motors, con- 
veyors, hoists and other power equipment 
for new aircraft plant at location noted, 
formerly occupied by Consolidated Air- 
craft Corporation and recently vacated 
by that company. Cost over $75,000. Mr. 
Bell is president of new company; Ray 
P. Whitman is vice-president and treas- 
urer. 

N. Y., New York—Board of Estimate, 
Municipal Building, has approved refer- 
endum bill for proposed municipal elec- 
tric light and power plant, with under- 
ground electrical system to serve about 
one-tenth of present city requirements, 
and project will be placed before voters 
at general election, Nov. 5, to authorize 
fund of $49,000,000 for work. Financing 
will be arranged through Federal aid. 
Department of Water, Gas and Elec- 
tricity, Municipal Building, will be in 
charge. 

N. Y., Rochester—Rochester Distill- 
ing Co., 8 Exchange Place, plans instal- 
lation of electric power equipment in new 
local distilling plant. Company has re- 
cently taken over former refinery of 
Vacuum Oil Co., and will remodel and 
equip for distillery. Cost about $350,000. 
S. Firestone, 59 South Avenue, is archi- 
tect and engineer. 


Ohio, East Liverpool—Department of 
Public Service, City Hall, E. B. Laugh- 
lin, Service-Safety \Director, plans new 
municipal electric light and power plant, 
and electrical distributing lines. City 
Council has authorized financing in 
amount of $1,500,000 through Federal aid 
for project. Plans will be drawn soon. 

Ohio, Franklin—Franklin Board & 
Paper Co., plans extensions and improve - 
ments in boiler plant at local paper mill, 
including installation of additional equip- 
ment. Cost close to $25,000. Collins 
Wight, Union Trust Building, Dayton, 
Ohio, is consulting engineer. 

Ohio, Newark—Furnas Ice Cream 
Co., a subsidiary of Borden Co., 350 Mad- 
ison Avenue, New York, N. Y., plans 
installation of electric power equipment, 
refrigerating machinery and other me- 
chanical equipment in proposed new 
plant at Newark. Cost about $125,000. 
H. E. Eiselt, 297 South High Street, Co- 
lumbus, Ohio, is architect. 

Ohio, Springfield—Springfield Brew- 
ing Co., care of Konrad Keil, 1215 Wind- 
sor Drive, Dayton, Ohio, consulting en- 
gineer, plans installation of boilers and 
accessories,and ‘other power equipment, 
coolers, tanks, etc., in new local brewery. 
Company has taken over former plant of 
Home City Brewing Co., and will mod- 
ernize and equip for plant. Cost about 
$80,000. Engineer noted is in charge. 

Okla., Alva—City Council has made 
application for Federal grant and loan of 
$240,000 for new municipal electric light 
and power plant, and proposes to place 
project under way at early date. V. V. 
Long & Co., Colcord Building, Oklahoma 
City, Okla., are consulting engineers. 

Pa., New Castle—City Council has 
authorized financing through Federal aid 
in sum of $1,500,000.for proposed munici- 
pal electrical light and power plant, and 
electrical distributing lines. Plans will 
be arranged at early date. 

Texas, Yorktown—Common Council 
plans new municipal electric light and 
power plant, and electrical distribution 
system. Cost $150,000. Financing is be- 
ing arranged through Federal aid. Pro- 
posed to ask bids in near future. Garrett 
Engineering Co., 300 Hughes Street, 
Houston, Tex., is consulting engineer. 

Wis., Green Bay—Hochgreve Brew- 
ing Co., R.F.D. No. 6, Green Bay, plans 
installation of power equipment in new 
one and five-story addition to brewing 
plant. Cost over $60,000. Work will be- 
gin soon. Richard Griesser & Son, 64 
West Randolph Street, Chicago, IIl., are 
archiects. 

Wis., Manitowoc—City Council has 
plans under way for addition to munici- 
pal electric light and power plant, in- 
cluding installation of new equipment. 
Cost about $105,000. Financing is being 
arranged through Federal aid. Utilities 
Commission, J. Peter Eastman, presi- 
dent, will be in charge. 

Wis., Owen—Northern States Power 
Co., Eau Clair, Wis., plans early rebuild- 
ing of portion of power substation at 
Owen, recently destroyed by fire. Loss 
about $25,000, including equipment. Com- 
pany engineering department is in 
charge. 4 

Wis., Rothschild—Marathon Chemical 
Co., plans installation of electric power 
equipment in new one and three-story 
factory addition. Cost about $65,000. 
Superstructure will be placed under way 
at early date. 
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